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1 INTRODUCTION 

1 .1  PURPOSE 

T h i s  r e p o r t  describes t h e  work done on t h e  M I 1  I C D  program 
and makes recommendations based on i t .  The f i n a l  ou tpu t  of 
t h i s  s t u d y  program i s  an  I n t e r f a c e  C o n t r o l  Document ( I C D )  
f o r  a Media Independent  I n t e r f a c e  which i s  a s e p a r a t e  
document.  T h i s  r e p o r t  w i l l  p r o v i d e  e x p l a n a t i o n s  and 
r a t i o n a l e  f o r  t h e  c o n t e n t  of t h e  I C D  i t s e l f .  A basic 
f a m i l i a r i t y  w i t h  the I S 0  O S 1  7 l a y e r  model and the I E E E  802 
s p e c i f i c a t i o n s  i s  v e r y  h e l p f u l  i n  u n d e r s t a n d i n g  t h e  c o n t e n t s  
of t h i s  r e p o r t .  3 
1 . 2  ABBREVIATIONS 

A S N . l  - Abstract Syntax  No ta t ion  One 
CPU - C e n t r a l  P r o c e s s i n g  Unit  
D I S  - Draf t  I n t e r n a t i o n a l  S t anda rd  
I C D  - I n t e r f a c e  C o n t r o l  Document 
I C 1  - I n t e r f a c e  C o n t r o l  In fo rma t ion  
I E E E  - I n s t i t u t e  of Electrical E l e c t r o n i c s  Engineers  
IS0  - I n t e r n a t i o n  S tanda rds  O r g a n i z a t i o n  
LAN - Loca l  Area Network 
LLC - Logical Link Control 
MAC - Media Access C o n t r o l  
M I 1  - Media Independent  I n t e r f a c e  
OS1 - Open Systems I n t e r c o n n e c t i o n  
PDU - P r o t o c o l  Data Uni t  
SDU - S e r v i c e  Data Uni t  
SM - SOation Management - - 
1.3 DETINITIONS 

I C 1  - I n t e r f a c e  C o n t r o l  I n f o r m a t i o n  - i n f o r m a t i o n  
t r a n s f e r r e d  between a d j a c e n t  layers t o  c o o r d i n a t e  the i r  
j o i n t  o p e r a t i o n  

PDU - P r o t o c o l  Data Unit  - a u n i t  of data s p e c i f i e d  i n  a 
p r o t o c o l  and c o n s i s t i n g  of p r o t o c o l  i n f o r m a t i o n  and p o s s i b l y  
u s e r  d a t a .  
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SDU - Service Data Uni t  - an  amount of i n t e r f a c e  data whose 
i d e n t i t y  i s  p r e s e r v e d  from one end of a connec t ion  t o  t h e  
o t h e r .  

1 . 4  DOCUMENTS 

ANSI X3T9/84-100 Fiber D i s t r i b u t e d  Data I n t e r f a c e  ( F D D I )  
I E E E  802 .1  ( s t i l l  d r a f t )  Network management 
I E E E  8 0 2 . 2  o r  I S 0  880212 Log ica l  Link C o n t r o l  (LLC) 
I E E E  802.3 o r  I S 0  880213 Carrier Sense Media Access 
( CSMA !CD) 
I E E E  8 0 2 . 4  o r  I S 0  880214 Token Bus 
I E E E  8 0 2 . 5  o r  I S 0  880215 Token Ring 
I E E E  802 .7  o r  I S 0  880217 S l o t t e d  Ring 
I S 0  D I S  8824 S p e c i f i c a t i o n  of Abstract Syntax  No ta t ion  
I S 0  D I S  8825 Basic Encoding f o r  Abstract Syntax  No ta t ion  
IS0  7498 I S 0  O S 1  Basic Reference  Model 
I S 0  7498 DAD1 c o n n e c t i o n l e s s  Data Transmiss ion  
I S 0  DP 749814 Management Framework 
S p e r r y  Report  2055-04 t h r u  2055-8 

1 . 5  M I 1  D E F I N I T I O N  

The M I 1  deals w i t h  t h e  Data Link Layer ,  Layer 2 of the IS0  
7-Layer communication model. The I E E E  802 s p e c i f i c a t i o n s  
d i v i d e  t h e  D a t a  Link i n t o  two s u b - l a y e r s ;  t h e  Media Access 
C o n t r o l  (MAC) i s  the  lower sub - l aye r  and the Log ica l  Link 
C o n t r o l  (LLC) i s  t h e  higher s u b - l a y e r .  The i n t e n t  of t h e  
802 committee i s  t o  p r o v i d e  a s i n g l e  set of LLC f u n c t i o n s  
t h a t  s u p p o r t s  several d i f f e ren t  MAC and Physical layer 
implemen ta t ions .  

The g o a l  of the  M I 1  p r o j e c t  i s  t o  d e f i n e  an  i n t e r f a c e  
between these two s u b - l a y e r s  such t h a t  a l l  media dependent 
f u n c t i o n s  of t h e  Data Link reside i n  t he  MAC and a l l  media 
independent  f u n c t i o n s  reside i n  the  LLC. T h i s  d i v i s i o n  of 
f u n c t i a n  r e s u l t s  i n  a n  i n t e r f a c e  between t h e  MAC and LLC 
sub-layers which has been called t h e  Media Independent  
I n t e r f a c e  or MII. The M I 1  concept  i s  i l l u s t r a t e d  i n  F i g u r e  
1. The o b j e c t  of t h i s  d i v i s i o n  of f u n c t i o n  i s  t o  a l low 
d i f f e r e n t  media access and p h y s i c a l  l a y e r s  t o  be i n t e r f a c e d  
t o  t h e  same upper  l a y e r  imp lemen ta t ion .  The i n t e n t  i s  t o  
s p e c i f y  t h i s  i n t e r f a c e  t o  t h e  l e v e l  such  t h a t  p lug  
compa t ib l e  i n t e r c h a n g e a b l e  modules can  be des igned  
i n d e p e n d e n t l y  f o r  b o t h  MACs and LLCs.  I n  o r d e r  t o  a c h i e v e  
t h i s  g o a l ,  the  f u r t h e r  c o m p l i c a t i o n s  added by t h e  S t a t i o n  
Management f u n c t i o n  must be c o n s i d e r e d .  The S t a t i o n  
Management e n t i t y  must communicate w i t h  a l l  l a y e r s  and 
s u b - l a y e r s  of a g i v e n  s t a t i o n  as it i s  r e s p o n s i b l e  f o r  
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i n s u r i n g -  c a - o p e r a t i o n  of a l l  l a y e r s  w i t h i n  t h e  s t a t i o n  and 
m a i n t a i n i n g  t h e  h e a l t h  of the  s t a t i o n  as a whole.  It 
t h e r e f o r e  f o l l o w s  that  the t h e  i n t e r f a c e  must no t  on ly  
p r o v i d e  f o r  MAC-LLC communication, b u t  a l s o  MAC t o  S t a t i o n  
Management (SMT) communication. F i g u r e  2 shows t h e  l o c a t i o n  
of  t h e  e n t i r e  M I 1  boundary. 

1 . 6  M I 1  REQUIREMENTS AND GOALS 

The M I 1  r equ i r emen t s  are as f o l l o w s :  

1. Support  t h e  f u n c t i o n a l  independence between the 
i n t e r f a c i n g  e n t i t i e s ,  e x c e p t  t o  t h e  e x t e n t  of 
p lanned  i n t e r a c t i o n  th rough  i d e n t i f i e d  (and 
" c o n t r o l l e d " )  p r i m i t i v e s .  T h i s  f e a t u r e  would make 
i n t e r n a l  changes i n  t h e  LLC, SM, o r  MAC t r a n s p a r e n t  - 

t o  each o t h e r .  

2 .  Support  asynchronous o p e r a t i o n  of i n t e r f a c i n g ;  
e n t i t i e s .  

3 .  Support  t h e  o p e r a t i o n  of h igh  speed  L A N s ,  w i t h  b i t  
rates on t h e  o r d e r  of 100 MBPS. Both S ta r*Bus  and 
FDDI media b i t  rates are of t h i s  magnitude.  

4 .  Support  m u l t i p l e s  of each t y p e  e n t i t y ,  t o  
f ac i l i t a t e  bridge, r o u t e r ,  and gateway d e s i g n  and 
m u l t i p l e  p o r t  ne tworking .  

5 .  Support  ease i n  r e c o n f i g u r a t i o n ,  a l l o w  f o r  
r e p l a c i n g  MAC o r  Physical  Layer e l emen t s ,  w i t h o u t  
m o d i f i c a t i o n  t o  t he  M I 1  o r  o t h e r  i n t e r f a c i n g  
e l emen t s  . 

6 .  Allow for p a r a l l e l  p r o c e s s i n g  and p r o v i d e  f o r  even t  
d r i v e n  o p e r a t i o n s  i n  o r d e r  t o  suppor t  p r i o r i t y  

7, U s e  i n d u s t r y  a c c e p t e d  s t a n d a r d s ,  e s p e c i a l l y  I S 0  and 

- t r a n s m i s s i o n s  and t r a n s f e r  d e l a y  min imiza t ion .  - - 

I E E E  802. 

8 .  P rov ide  complete  i n t e r c h a n g e a b i l i t y  between MACs. 

9 .  B e  expandable  y e t  r e t a i n  downwards c o m p a t i b i l i t y .  
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2 I C D  DESCRIPTION 

T h i s  s e c t i o n  describes t h e  c o n t e n t s  of t h e  f i n a l  ICD 
s p e c i f i c a t i o n .  It i s  i n t e n d e d  t o  aid i n  t h e  unders tanding  
of t h e  I C D  by p r o v i d i n g  e x p l a n a t i o n s  f o r  t h e  f e a t u r e s  of t h e  
a r c h i t e c t u r e  and how t h e y  re la te  t o  t h e  I C D  s p e c i f i c a t i o n s .  

2 . 1  LEVELS OF INTERFACE 

The MI1 deals w i t h  three l e v e l s  of i n t e r f a c e :  f u n c t i o n a l ,  
e lec t r ica l ,  and p h y s i c a l .  T h e  f u n c t i o n a l  l e v e l  deals w i t h  
t h e  p r i m i t i v e s  which are passed  between e n t i t i e s  and their  
meanings o r  i n t e r p r e t a t i o n s .  The d e s i g n  of t h i s  l eve l  i s  
p a t t e r n e d  after t h e  I E E E  and I S 0  s p e c i f i c a t i o n s .  The 
f u n c t i o n s  c o n t a i n e d  i n  these s p e c i f i c a t i o n s  and the  l o g i c  
c o n t a i n e d  t h e r e i n  are c o n s i d e r e d  a t  t h i s  l e v e l .  The 
electrical  i n t e r f a c e  encompasses a l l  a s p e c t s  of the  bu 

w i t h  form and f i t ,  module d imens ions ,  
s p e c i f i c a t i o n s ,  e tc .  Each of these l e v e l s  of t h e  i n t e r f a c e  
w i l l  be d i s c u s s e d  i n  detai l  i n  t h e  subsequent  s e c t i o n s .  

s i g n a l s  i n v o l v e d ,  i n c l u d i n g  v o l t a g e  l e v e l ,  p i n  
t iming  s p e c i f i c a t i o n s , e t c .  The p h y s i c a l  

2 . 2  FUNCTIONAL INTERFACES 

The f u n c t i o n a l  i n t e r f a c e  deals w i t h  t h e  meaning of t h e  data 
which c r o s s e s  t h e  M I 1  boundary. It i s  invo lved  w i t h  what 
data c r o s s e s  the  boundary and how it  i s  e x p r e s s e d  and 
i n t e r p r e t e d .  The f u n c t i o n a l  i n t e r f a c e  i n c l u d e s  aspects of 
b o t h  s e m a n t i c s  which has t o  do  w i t h  meanings o r  r e l a t i o n s h i p  
of meanings and syntax w h i c h  i s  the form and order or the 
way i n  which language  e l emen t s  are connec ted .  

2 . 2 . 1  MAC-LLC INTERFACE 

The i n f o r m a t i o n  which must traverse t h i s  i n t e r f a c e  i s  i n  t h e  
form s f  data u n i t s  which are t o  be s e n t  ou t  o r  data u n i t s  
which m v e  been received and r e q u i r e  p r o c e s s i n g .  T h i s  
in formaxien  must be passed  i n  data b u f f e r s  a long  w i t h  the 
c o n t r o l  i n f o r m a t i o n  a s s o c i a t e d  w i t h  t h e  t r a n s f e r .  S ince  
data i s  be ing  passed  u s i n g  b u f f e r s ,  a f u r t h e r  requi rement  i s  
t o  p r o v i d e  i n f o r m a t i o n  t o  a l l o w  a l l o c a t i o n  and release of 
these b u f f e r s .  Thus,  when data has been passed  and 
a c c e p t e d ,  a handshake of some t y p e  i s  n e c e s s a r y  t o  l e t  the 
sende r  know tha t  t h e  b u f f e r  has been p rocessed  and can be 
released o r  r e u s e d .  The I E E E  s p e c i f i c a t i o n s  p rov ide  f o r  the 
handshake i n  t h e  case of data t r a n s f e r s  from LLC t o  MAC, b u t  
n o t  f o r  data t r a n s f e r s  from MAC t o  LLC, s o  the  I C D  has been 
expanded t o  p r o v i d e  t h a t  f u n c t i o n .  
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The IEEE specifications provide for the handshake in the 
case of MA-DATA.request but not for MA-DATA.indication, so a 
primitive has been added to the ICD definition to handle 
this function. 

2.2.1.1 LLC-MAC SERVICE PRIMITIVES 

The existing specifications describes primitives and 
respective parameters that are used to transfer information 
across the LLC/MAC interface. F o r  a Type 1 LLC, IEEE 802 
defines three primitives: MA-DATA.request, 
MA-DATA.indication, and MA-DATA.confirm. The ICD uses the 
definitions for these primitives as given in the IEEE 
specification. A fourth primitive has been added to handle 
the handshaking requirement for the MA-DATA-indication which 
has been called MA-DATA.indication-ack. With this 
augmentation, two pairs of primitives are defined, one pair 
for each direction of data flow. 

The MA-DATA.request and MA-DATA.confirm are use to transfer 
data from LLC to MAC. The MA-DATA.request primitive is 
generated by the LLC entity whenever a m sdu (ie MAC service 
data unit) must be transferred to a peer LLC entity. Upon 
receiving this primitive the MAC entity appends all MAC 
specified fields including DA,SA, and any other fields that 
are unique to the particular media access method in use. 
The MA-DATA.confirm primitive is generated by the MAC entity 
in reply to a MA-DATA.request". It is used to indicate the 
success o r  failure of the previous associated request. The 
LLC sub-layer is provided with sufficient information to 
associate this confirm with the appropriate request. 

The MA-DATA.indication and MA-DATA.indication-ack are used 
to transfer data from MAC to LLC. The MA-DATA.indication 
primitive is passed from the MAC entity to the LLC entity to 
indicate the arrival of a frame at the local MAC entity. 
Frames%re only reported if they are validly formatted and 
their destination address matches that of the local MAC 
entity:: The MA-DATA.indication-ack is a non-IEEE primitive, 
necessary for proper handling of buffers,etc. The 
MA-DATA.indication-ack primitive is generated by the LLC 
entity in acknowledgement of a MA-DATA.indication. It is 
used to indicate the success or failure of the previous 
associated .indication. The MAC sub-layer is provided with 
sufficient information to associate this primitive with the 
appropriate .indication. 

'f 
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2 . 2 . 2  MAC-SMT INTERFACE 

. 

This  s e c t i o n  c o n c e n t r a t e s  on t h e  s e r v i c e s  p rov ided  by t h e  
Layer Management E n t i t i e s  ( L M E ' s )  t o  t h e  SMAP i n  o r d e r  t o  
manage t h a t  l a y e r .  The SMAP s e r v i c e s  a v a i l a b l e  t o  u s e r s  
i n c l u d e s  t h e  s e r v i c e s  provided  by t h e  LMEs p l u s  h i g h e r  l e v e l  
s e r v i c e s .  Access t o  t h e  l a y e r  management f u n c t i o n s  i s  v i a  
the Layer Management I n t e r f a c e  ( L M I ) ,  which exis ts  between 
t h e  l o c a l  sys tems management and t h e  l a y e r .  T h e  t y p e s  of 
s e r v i c e s  provided  a c r o s s  the LMI f o r  the  l a y e r  are the  
f o l l o w i n g :  

o T h e  a b i l i t y  f o r  sys tems management t o  read and 
write pa rame te r s  w i t h i n  t h e  l a y e r  

o The a b i l i t y  f o r  sys tems management t o  c a u s e  a c t i o n s  
t o  occur  w i t h i n  t h e  l a y e r .  

management of s p e c i f i c  e v e n t s  which have bee 
detected by t h e  l a y e r .  

o T h e  a b i l i t y  f o r  t h e  l a y e r  t o  n o t i f y  

2 . 2 . 2 . 1  SYSTEM MANAGEMENT-LLC(SMT-LLC) SERVICE PRIMITIVES 
AND PARAMETERS 

T h i s  s e c t i o n  d i s c u s s e s  t h e  p r i m i t i v e s  and their  r e s p e c t i v e  
pa rame te r s  used  i n  Systems Management. These p r i m i t i v e s  are 
passed  a c r o s s  t h e  LMI f o r  t h e  MAC sub - l aye r  i n  q u e s t i o n .  
T h i s  i s  t h e  more complex of t he  two i n t e r f a c e s  i n t o  t h e  MAC. 
T h e  p r i m i t i v e s  which traverse t h i s  interface are defined i n  
b o t h  IEEE 802.1 (System Management Spec)  and I E E E  8 0 2 . 4 .  
U n f o r t u n a t e l y ,  t h e  two d e f i n i t i o n s  are i n c o n s i s t e n t .  The 
8 0 2 . 1  d e f i n i t i o n  i s  used  as i t  i s  more g e n e r a l l y  a p p l i c a b l e  
set of p r i m i t i v e s  and o f f e r s  more complete  f u n c t i o n a l i t y .  
The p r i m i t i v e s  used f o r  t h e  M I 1  I C D  are t h e  f o l l o w i n g :  - 

e- LM-SET-VALUE.invoke 

o LM-SET-VALUE.reply 
- 
-. - 

o LM-COMPARE-AND-SET-VALUE.invoke 

o LM-COMPARE-AND-SET-VALUE.reply 

o LM-GET-VALUE.invoke 

o LM-GET-VALUE.reply 
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o ZM-ACTION. invoke 

o LM-ACTION.reply 

o LM-EVENT.notify 

o LM-EVENT.reply 

Note that these primitives are arranged as command response 
pairs with the .reply as a required response for each 
.invoke o r  .notify. The reader will notice that the 
following two primitives constitute somewhat of an 
exception. 

LM-EVENT.notify 
LM-EVENT.reply 

For this set of primitives, the MAC initiates a .notify 
expects a .reply from the SM in response. In all other 

require to issue the .reply. This pair of primitives 
provides the means f o r  the Station manager to set an event 
mask which allows the MAC to report events without a direct 
request. The reader will also note that the LM-EVENT.reply 
is not defined by IEEE. As was the case with the 
MA-DATA.indication, it was found that a response primitive 
for the LM-EVENT.nofify was required to allow the proper 
disposition of message buffers being passed across the MII. 

cases, the SM issues the command primitive and the MAC 

The IEEE 802.4 primitive functions which are implemented for 
the MI1 ICD are mapped into the IEEE 802.1 primitives as 
follows : 

IEEE 802.4 

MA-INITiALIZE-PROTOCOL.request 
MA-INI!MALIZE-PROTOCOL.confirm 
MA-SET-VALUE.request 
MA-SET-VALUE.confirm 
MA-READ-VALUE.request 
MA-READ-VALUE.confirm 
MA-EVENT.indication 
MA-FAULT-REPORT.indication 
MA-GROUP-ADDRESS.request 
MA-GROUP-ADDRESS.confirm 
MA-CDATA.request 
MA-CDATA.confirm 
MA-CDATA.indication 

IEEE 802.1 

LM-ACTION.invoke 
LM-ACTION.reply 
LM-SET-VALUE.invoke 
LM-SET-VALUE.reply 
LM-GET-VALUE.invoke 
LM-GET-VALUE.reply 
LM-EVENT.notify 
LM-EVENT.notify 
LM-SET-VALUE.invoke 
LM-SET-VALUE.reply 
LM-ACTION.invoke 
LM-ACTION-reply 
LM-EVENT.notify 
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For detailed e x p l a n a t i o n  of these p r i m i t i v e s ,  t h e  reader i s  
refered t o  
t h e  ICD. 

2 . 2 . 3  INTERFACE CONTROL INFORMATION 

According t o  I S O ,  i n f o r m a t i o n  t r a n s f e r r e d  between e n t i t i e s  
i n  a d j a c e n t  l a y e r s  which e o - o r d i n a t e s  their  j o i n t  o p e r a t i o n  
i s  known as I n t e r f a c e  C o n t r o l  In fo rma t ion  o r  I C I .  The 
a p p l i c a t i o n  data i tself  i s  t h e  s e r v i c e  data u n i t  o r  SDU. 
The combined I C 1  and SDU i s  called an i n t e r f a c e  data u n i t  o r  
I D U .  T h e  I C 1  must be r e p r e s e n t e d  i n  some form which i s  
unde r s tood  by bo th  l a y e r s .  To accomplish t h i s  i n  a f l e x i b l e  
way, the  I C D  s p e c i f i e s  t h e  u s e  of a data t r a n s f e r  s y n t a x  an  
encoding r u l e s  which are a l s o  I S 0  s t a n d a r d s .  

2 . 2 . 3 . 1  DATA TRANSFER SYNTAX 

A l l  data t r a n s f e r r e d  a c r o s s  t h e  M I 1  i s  described u s i n g  
Abstract Syntax No ta t ion  One ( A S N . l )  p e r  I S O / D I S  8824. T h i s  
I n t e r n a t i o n a l  S tandard  s p e c i f i e s  a n o t a t i o n  f o r  d e f i n i n g  a 
s y n t a x ,  d e f i n e s  a number of s imple  t y p e s ,  w i t h  t h e i r  tags ,  
and s p e c i f i e s  a n o t a t i o n  f o r  r e f e r e n c i n g  these t y p e s  and f o r  
s p e c i f y i n g  v a l u e s  of these t y p e s .  It  f u r t h e r  d e f i n e s  
mechanisms f o r  c o n t r u c t i n g  new t y p e s  from more basic t y p e s ,  
a s p e c i f i e s  a n o t a t i o n  f o r  d e f i n i n g  such  s t r u c t u r e d  t y p e s  
and a s s i g n i n g  them tags ,  and f o r  s p e c i f y i n g  v a l u e s  of these 
types. It also defines character s e t s  for use within ASN.l. 
T h i s  n o t a t i o n  can be a p p l i e d  whenever i t  i s  n e c e s s a r y  t o  
d e f i n e  t he  abstract s y n t a x  of i n f o r m a t i o n .  

U s e  of t h i s  s t a n d a r d  s y n t a x  i n  t h e  M I 1  removes any l o g i c a l  
i n f e r e n c e  by o r d e r  from t h e  i n t e r f a c e .  I n f o r m a t i o n  c a n  be 
passed- in  any o r d e r  and i t s  meaning i s  i n f e r r e d  by t h e  
s t r u c t t E e  of t h e  message as i t  i s  decoded.  T h i s  r e s u l t s  i n  
r eco rds iwh ich  are pe rhaps  more l e n g t h y  t h a n  a b s o l u t e l y  
n e c e s s a r y ,  b u t  o f f e r s  t h e  advantage  of s t a n d a r d i z a t i o n  and 
e x t e n s i b i l i t y  i n  the  f u t u r e .  For example,  a r e c o r d  
c o n t a i n i n g  a n  address c o n t a i n s  i n f o r m a t i o n  which i n d i c a t e s  
what k i n d  of address i t  i s  as w e l l  as t h e  address i t se l f  i n  
a v a r i a b l e  l e n g t h  f o r m a t .  A r e c e i v i n g  e n t i t y  such  as the 
LLC cou ld  be modi f ied  t o  a c c e p t  an  extra  long  address 
wi thou t  v i o l a t i n g  t h e  s t a n d a r d  o r  compromising c o m p a t i b i l i t y  
w i t h  MAC’S u s i n g  s h o r t e r  addresses. 
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2 . 2 . 3 . 2  ENCODING RULES 

Although A S N . l  s p e c i f i e s  a n o t a t i o n  f o r  d e f i n i n g  a s y n t a x ,  
i t  does  not  s p e c i f y  how data i s  encoded.  T h e r e f o r e ,  basic 
encoding r u l e s  f o r  i n f o r m a t i o n  t r a n s f e r  are s u p p l i e d  by 
I S O / D I S  8825, S p e c i f i c a t i o n  of Basic Encoding Rules  f o r  
ASN.l. T h i s  s t a n d a r d  d e f i n e s  a set of encoding  r u l e s  t h a t  
are a p p l i e d  t o  v a l u e s  of t y p e s  d e f i n e d  u s i n g  A S N . l  which 
r e s u l t s  i n  t r a n s f e r  syn tax  f o r  such v a l u e s .  For a detailed 
d e f i n i t i o n  of t h e  t r a n s f e r  s y n t a x ,  the  reader i s  referred t o  
t h e  M I 1  I C D  i t s e l f .  

2 . 2 . 4  PROTOCOL DATA UNITS 

2 . 2 . 5  DATA CHANNEL ARCHITECTURE 

p r e d e f i n e d  data c h a n n e l s .  Data i s  passed  over  
c h a n n e l s  i n  t h e  form of t r a n s a c t i o n s  w i t h  l i n k e d  l i s t s  and; 

Communications a c r o s s  t h e  M I 1  boundary i s  accomplished 

p o i n t e r s .  

2 . 2 . 5 . 1  DATA CHANNEL DEFINITIONS 

2 . 2 . 5 . 2  SYNCHRONIZATION 

Each e n t i t y  has a s i n g l e  i n p u t  data channe l  which c o n s i s t s  
of two g l o b a l l y  addressable registers o r  memory l o c a t i o n s .  
One l o c a t i o n  i s  d e s i g n a t e d  as a semaphore.  An e n t i t y  
wishing t o  send a message t o  the  channe l  must perform a test 
and set o p e r a t i o n  on t h e  semaphore l o c a t i o n .  I f  the test 
shows n o t  busy ,  t h e n  t h e  channe l  w a s  free and t h e  e n t i t y  has 
won t h e  r i g h t  t o  u s e  t h e  c h a n n e l .  I n  t h i s  case, t h e  e n t i t y  
may t h e n  write a p o i n t e r  t o  h i s  message i n  t h e  second 
register which i s  r e s e r v e d  f o r  t h a t  pu rpose .  The e n t i t y  
r e c e i v i n g  the message must have some way of d e t e c t i n g  when 
t h e  p o i n t e r  h a s  been w r i t t e n .  T h i s  may be done i n  a number 
of  w a y s  depending on t h e  system d e s i g n e r .  One p o s s i b l e  
c h o i c e - i s  f o r  t h e  r e c e i v e r  t o  a lways write a guard word i n t o  
t h e  poi%ter  p r i o r  t o  r e s e t t i n g  the  semaphore.  Another would 
be f o r  the act of w r i t i n g  t o  t he  p o i n t e r  register t o  t r i g g e r  
a n  i n t e r r u p t .  The method used  i s  immaterial t o  t h e  sende r  
as long  the r e c e i v e r  can  p r o p e r l y  detect the  occurance  of 
t h e  t r a n s m i s s i o n .  

A t  i n i t i a l i z a t i o n ,  t h e  s t a t i o n  manager must c o n f i g u r e  the 
MAC t o  know t h e  l o c a t i o n  of t h e  LLC and SMs semaphore b i t  
and l i n k  l i s t  p o i n t e r .  L ikewise  t h e  SM c o n f i g u r e d  t h e  LLC 
t o  know t h e  l o c a t i o n  of t h e  MAC and SMs semaphore b i t  and 
l i n k  l i s t  p o i n t e r .  A d d i t i o n a l  s t a t u s  l o c a t i o n s  are o p t i o n a l  
(and  u s e f u l  t o  d i s p l a y  self tes t  o r  B I T E  d u r i n g  power u p ) .  
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2 . 2 . 5 . 3  BUFFER MANAGEMENT 

I n  s p i t e  of the i r  small s i z e ,  main ta in ing  memory r e sources  
f o r  t h e  I C I s  can be d i f f i c u l t  s i n c e  s o  many are used s o  
o f t e n .  T h e  I E E E  s t a n d a r d s  do not  address t h i s  i s s u e ,  but  do 
p rov ide  a r e p l y  t o  MA-Data.request even i n  a c o n n e c t i o n l e s s  
system. The response o r  r e p l y  f o r  e v e r y  r e q u e s t  i s  not  
c o n s i s t e n t  throughout  t h e  I E E E  s t a n d a r d s  and non-ex i s t en t  
f o r  t h e  MA-DATA.indication. The lack of a r e sponse  i n  t h i s  
case p r e s e n t s  a d i f f i c u l t y  i n  r e t u r n i n g  memory b locks  back 
t o  t h e  system f o r  r e u s e .  Therefore  t h e  M I 1  I C D  r e q u i r e s  a 
r e p l y  f o r  eve ry  r e q u e s t  and each r e p l y  w i l l  o v e r w r i t e  the 
memory block which carried the r e q u e s t .  I n  t h i s  way, t h e  
o r i g i n a t o r  of t h e  r e q u e s t  r e c e i v e s  h i s  memory b lock  back and 
may r e u s e  i t  o r  r e t u r n  i t  t o  a system free p o o l .  T h i s  
s u g g e s t s  t h a t  the  t o t a l  amount of memory a e n t i t y  r e q u i r e s  

r e q u e s t s  i t  e x p e c t s  t o  p o s t .  The PDUISDU data (which is-. 

. i n d i c a t i o n  i s  no t  acknowledged u n t i l  the  h i g h e s t  l a y e r  has 

f o r  I C I s  w i l l  no t  exceed t h e  t o t a l  number of o u t s t a n d i n  

p o i n t e d  t o  by a I C 1 1  could  work t h e  same way ( i . e .  

copied  i t )  o r  t h e  r e c e i v i n g  e n t i t y  could  copy it and 
acknowledge i t  r i g h t  away. Returning the  b lock  t o  t h e  
o r i g i n a t o r  a l lows  f o r  r e t r y s  without  r e q u i r i n g  t h a t  an e x t r a  
copy of t h e  data  be held f o r  t h i s  purpose .  T h i s  method i s  
recommended f o r  t h e  M I 1  I C D  s o  as t o  suppor t  b o t h  connec t ion  
and c o n n e c t i o n l e s s ,  t o  suppor t  l a y e r  l e v e l  resets, and ease 
compl i ca t ions  once t h e  data gets t o  upper  l a y e r s  which block 
and t h e  r e c o r d s .  T h e  e n t i t i e s  r e c e i v e  memory from t h e  SM 
which p a s s e s  t o  i t  a l i n k e d  l i s t  of free fixed s i z e  memory 
segments .  The SM s u p p o r t s  alarms f o r  low memory and 
r e q u e s t s  f o r  more memory. 

I n  t h e  case of a reset t o  a l a y e r ,  data may be l o s t  o r  
c o r r u p t e d  which i s  a l lowed p e r  IS0 OS1 s p e c s .  The d e f a u l t  
f o r  a l a y e r  which has been reset i s  t o  r e p o r t  t he  even t  t o  
t h e  S t a t i o n  Manager. A t  i n i t i a l i z a t i o n ,  t h e  MAC i s  g iven  a 
l i n k e d 2 i s t  of memory b l o c k s  t o  use  f o r  incoming data (from 
t h e  msdia) and a l i n k e d  l i s t  of i n i t i a l i z e d  memory b locks  
f o r  outgoing data ( t o  a remote s t a t i o n ) .  L ikewise ,  the  SM 
w i l l  need t o  perform t h e  same f u n c t i o n  f o r  the  upper  l a y e r s ,  
bu t  t h i s  i s  t r a n s p a r e n t  t o  t he  MII. 

T 

2.3 ELECTRICAL/PHYSICAL INTERFACE 
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2.3.1 SU-S STANDARDS 

There are s e v e r a l  a c c e p t a b l e  backplane bus s t a n d a r d s  
a v a i l a b l e  on t h e  market today .  Two of t h e  more widely used 
d e s i g n s  are Mult ibus I1 and VMEbus. As would be e x p e c t ,  
bo th  of these des igns  have s t r o n g  and weak p o i n t s .  Mult ibus 
I1 has b u i l t  i n  p a r i t y  and a large card s i z e .  However, i t  
i s  a synchronous d e s i g n  which t e n d s  t o  be a speed 
d i sadvan tage  i n  an asynchronous system, and has less 
bandwidth.  I t  a l s o  u s e s  round r o b i n  a r b i t r a t i o n ,  which 
e n s u r e s  a more even d i s t r i b u t i o n  of bandwidth among u s e r s ,  
b u t  a l s o  l i m i t s  t h e  b u r s t  ra te  a v a i l a b l e  t o  a s i n g l e  u s e r .  

The  VMEbus i s  an asynchronous d e s i g n  which t e n d s  t o  g i v e  i t  
a speed advantage .  It i s  a t r u e  mul t i -mas ter  b u s ,  f e a t u r i n g  
p r i o r i t y  d r i v e n  a r b i t r a t i o n .  The t h e o r e t i c a l  bandwidth of 
40 Mbytelsec i s  larger t h a n  t h a t  of t he  Mul t ibus .  However, 
VMEbus u s e s  a smaller card s i z e  and does  no t  d e f i n e  any-. 
p a r i t y  l i n e s ,  a l though e x t r a  undef ined  l i n e s  migh t  be] 
u t i l i z e d  f o r  t h a t  purpose.  

E i t h e r  of these buses  could  be used t o  suppor t  the  MII. The 
s e l e c t i o n  of t h e  bus s t a n d a r d  i s  a system d e s i g n  i s s u e  which 
impacts  performance and d e s i g n  t r a d e o f f s .  F o r  example,  u s e  
of Mult ibus I1 bus would r e q u i r e  a larger b u f f e r  f o r  the  
media (100 Mbitlsec) because of i t s  r e l a t i v e l y  low 
bandwidth.  On t h e  o t h e r  hand,  u s e  of Mult ibus I1 would 
prevent  t h e  MAC from monopolizing bus bandwidth because of 
i t s  round r o b i n  a r b i t r a t i o n  scheme. 

I n  order t o  provide a complete MI1 a electrical i n t e r f a c e  
must be established. To suppor t  f u r t h e r  d i s c u s s i o n ,  the  
VMEbus has been selected as a b a s e l i n e  f o r  the  I C D .  
However, i t  should be no ted  t h a t  either c a n d i d a t e  could  be 
s e l e c t e d .  I n  a d d i t i o n ,  as l i t t l e  r e l i a n c e  on VME 
characteristics as p o s s i b l e  has been i n c o r p o r a t e d  i n t o  t h e  
I C D  i n - o r d e r  t o  f ac i l i t a t e  adop t ion  of ano the r  bus s t a n d a r d  
a t  a l a e r  d a t e .  - _ -  - 
2 . 3 . 2  IMPLEMENTATION OPTIONS 

2 . 3 . 2 . 1  PHYSICAL PARTITIONING OF FUNCTIONS 

The M I 1  boundary i s  a r t i f i c i a l l y  based on I E E E  802 
s p e c i f i c a t i o n s  and t h e  d e f i n i t i o n s  of the  p r i m i t i v e s .  
However, the s e l e c t i o n  of a p h y s i c a l  boundary between 
f u n c t i o n s  i s  more of  a systems i s s u e  t h a n  an  M I 1  
r equi rement .  The d e c i s i o n  on where t o  p h y s i c a l l y  l o c a t e  
f u n c t i o n s  has great impact  on t h e  power, w e i g h t ,  s i z e ,  and 
speed f a c t o r s  of t h e  implementa t ion .  The I C D  does  n o t  
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dictate the physical partitioning of functions, but leaves 
these performance related decisions up to the system 
designer. It is possible for MAC functions to reside 
totally in a separate physical module o r  modules than the 
upper layers, but this is not a requirement. In the case of 
total physical separation at the MI1 boundary, the MAC would 
send ASN messages over the VME bus. Alternatively, messages 
sent over VME could be proprietary as long as another module 
could convert them to ASN and retransmit them over the VME 
to himself. In this way, it is possible to make tradeoffs 
between hardware complexity and performance all within the 
confines of the ICD specifications. However, it should be 
noted that the MI1 separation does introduce some 
inefficiencies that are unavoidable. 

2.3.2.2 SIMPLE BIU OPTION 

general purpose processor. This option offers the lowest, 
The simplest implementation option is to use a 

would be implemented using micro-controller technology in 
order to achieve the speeds necessary for handling the lower 
level functions. The upper layers, including the LLC would 
be implemented with software running on the general purpose 
processor. In order to achieve a minimal hardware 
implementation, the higher level MAC functions of 
interfacing to the SM and the LLC could actually be handled 
with software on the same processor which runs the upper 
layers. This is the approach that was actually used on the 
demonstration system. In order to conform with the MI1 ICD, 
communications across the MI1 would be handled over the VME 
bus, even though the elements communicating are running on 
the same processor. In order to achieve plug compatibility, 
the MAC software could be contained in a separate physical 
ROM which would plug into the processor card. 
Communications between the lower level MAC functions and the 
upper -layer MAC functions would be handled over the VME bus 
as welg but would be permitted to use a much simpler 
language -than required for the MII. This implementation 
option is illustrated in Figure 3. 

cost at the expense of performance. The majority of 

2.3.2.3 MEDIUM SPEED BIU OPTION 

This option offers a compromise between cost and 
performance. Multiple general purpose processors are used 
to implement different layers, but all communications takes 
place over a single VME bus. This option is illustrated in 
Figure 4. All MAC functions are physically located on a 
module physically separate from upper layers. Again, lower 
level MAC functions would be implemented with high-speed 
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mic ro -co r i t ro l l e r  t echno logy .  Upper l e v e l  MAC f u n c t i o n s  run  
on t he i r  own g e n e r a l  purpose p r o c e s s o r .  However, maximum 
performance would n o t  be ach ieved  w i t h  t h i s  d e s i g n  because 
a l l  data t r a n s f e r s  from t h e  LAN i n t e r f a c e  t o  the common 
memory would be performed on t h e  VME b u s ,  t y i n g  up 
c o n s i d e r a b l e  bus bandwidth and l i m i t i n g  maximum t r a n s f e r  
s p e e d s .  

2 . 3 . 2 . 4  H I G H  SPEED B I U  OPTION 

The h ighes t  speed o p e r a t i o n  would be o b t a i n e d  w i t h  t h i s  
o p t i o n .  A s  w i t h  t h e  medium performance o p t i o n ,  m u l t i p l e  
g e n e r a l  purpose p r o c e s s o r s  are used  t o  implement d i f f e r e n t  
l a y e r s .  However, t h i s  o p t i o n  would u s e  a VMX bus f o r  
high-speed data t r a n s f e r s  from t h e  LAN i n t e r f a c e  t o  common 
memory. T h i s  d e s i g n  frees the VME bus f o r  o t h e r  a c t i v i t y ,  
r e s u l t i n g  i n  e x c e l l e n t  performance.  T h i s  o p t i o n  
i l l u s t r a t e d  i n  F igu re  5 .  

3 DEMONSTRATION SYSTEM 

T h i s  s e c t i o n  describes t h e  demons t r a t ion  system which was 
b u i l t  i n  suppor t  of the  M I 1  development .  The demons t r a t ion  
provided  a testbed and proving  ground f o r  c o n c e p t s  and ideas 
be ing  i n c o r p o r a t e d  i n t o  the I C D .  

3 .1  DEMONSTRATION GOALS 

3 . 2  SYSTEM DESCRIPTION 

The d e m o n s t r a t i o n  system w a s  based on e x i s t i n g  B I U  hardware 
which was developed under  t he  FODS and NOS c o n t r a c t s .  
Although t h i s  hardware was n o t  des igned  w i t h  t h e  M I 1  
r equ i r emen t s  i n  mind, i t  was adequa te  t o  p r o v i d e  t h e  
hardware p la t fo rm f o r  t he  proof-of-concept  work t h a t  was 
r e q u i r e d  by t h e  I C D  p r o j e c t .  The B I U  c o n s i s t s  p r i m a r i l y  of 
an  o p t i c a l  i n t e r f a c e ,  a 68000 series p r o c e s s o r  w i t h  DMA, and 
RS-232--type i n t e r f a c e s .  It a l s o  i n c l u d e s  a h igh  speed  
p a r a l l e l  - i n t e r f a c e  which was n o t  used f o r  the M I 1  
demons t r a t ion .  N e w  s o f t w a r e  was w r i t t e n  f o r  the  B I U  
p r o c e s s o r  which tested and demons t r a t ed  t h e  M I 1  c o n c e p t s  and 
d e s i g n s .  

S i n c e  a pr imary g o a l  of the M I 1  i s  t o  a l low d i f f e r e n t  MAC 
p r o t o c o l s  t o  i n t e r f a c e  t o  a common LLC d e s i g n ,  two d i f f e r e n t  
MAC implementa t ions  were developed  f o r  t h e  d e m o n s t r a t i o n .  
Both M A C ’ S  used t h e  same hardware, bu t  d i f f e r e n t  s o f t w a r e  
was used  t o  implement a S t a r * B u s  p r o t o c o l  and a t o k e n  
p a s s i n g  bus  p r o t o c o l .  S i n c e  b o t h  implemen ta t ions  were 
i n t e r f a c e d  t o  t h e  same upper  l a y e r  d e s i g n ,  a much s t r o n g e r  
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demonstra ' t ian of t h e  M I 1  d e s i g n  r e s u l t e d .  

3 .3  INTERFACE IMPLEMENTATION 

3 .3 .1  PRIMITIVES 

3 . 3 . 2  BUFFER MANAGEMENT 

A key element  of a communication d e s i g n  i s  t h e  hand l ing  of 
b u f f e r s .  The demons t r a t ion  u t i l i z e d  two basic b u f f e r  t y p e s  
f o r  d i f f e r e n t  pu rposes .  B u f f e r s  f o r  the  data  p a c k e t s  
themselves  (SDUIPDU)  were p r e - a l l o c a t e d  d u r i n g  system 
i n i t i a l i z a t i o n .  These b u f f e r s  are of a f i x e d  s i z e  large 
enough t o  accomodate t h e  maximum s i z e  data packet  t h a t  t h e  
bus hardware can h a n d l e .  These b u f f e r s  are l i n k e d  i n t o  a 
free l i s t .  Whenever ei ther the MAC o r  LLC needs a data 
b u f f e r ,  i t  i s  o b t a i n e d  from t h i s  l i s t  by a common system 
s e r v i c e  r o u t i n e .  When t h e  b u f f e r  i s  no l o n g e r  needed, i t  is-- 
r e t u r n e d  t o  t h e  free l i s t ,  a g a i n  by a ca l l  t o  a system, 
d e f i n e d  s e r v i c e  r o u t i n e .  The b u f f e r  i n c l u d e s  i n  i t s  header 
a p o i n t e r  and b y t e  count  which d e f i n e s  t h e  l o c a t i o n  of . the  
a c t u a l  data w i t h i n  t h e  b u f f e r .  The header a l s o  i n c l u d e s  a 
l i n k  which i s  used t o  p o i n t  t o  t h e  n e x t  free b u f f e r  i n  t h e  
free l i s t .  

x 
Numerous o t h e r  small b u f f e r s  are used  i n  t h e  system f o r  
p a s s i n g  I C 1  a c r o s s  the i n t e r f a c e .  These b u f f e r s  are 
o b t a i n e d  v i a  a s e r v i c e  ca l l  t o  t h e  memory a l l o c a t e  r o u t i n e .  
G e n e r a l l y ,  on ly  enough memory i s  a l l o c a t e d  t o  h o l d  t h e  
expec ted  message. When these b u f f e r s  are no l o n g e r  needed,  
t h e y  are r e t u r n e d  t o  t h e  free memory poo l  v i a  a system ca l l .  

In t h e  demons t r a t ion  sys tem,  these service calls are p a r t  of 
the  i n t e r f a c e  d e f i n i t i o n .  To avo id  unnecessa ry  dependencies  
on o p e r a t i n g  system implementa t ion ,  w e  p ropose  t h a t  t h e  task 
of b u f f e r  management and memory a l l o c a t i o n  be handled  by t h e  
s t a t i o B  manager v i a  s t a n d a r d  p r i m i t i v e s  d e f i n e d  f o r  t h a t  
purpose-. These p r i m i t i v e s  are d e f i n e d  i n  the  f i n a l  M I 1  I C D .  

3.3.3 OPERATING SYSTEM 
- 
.. - 

The major t h r u s t  of the  M I 1  I C D  p r o j e c t  was t o  demons t r a t e  
the s e p a r a b i l i t y  of t h e  LLC and MAC f u n c t i o n s .  While t h e  
use  of s e p a r a t e  p h y s i c a l  p r o c e s s o r s  f o r  these f u n c t i o n s  may 
be n e c e s s a r y  t o  a c h i e v e  h i g h  rates of t h r o u g h p u t ,  i t  i s  
p o s s i b l e  t o  demons t r a t e  t h e  s e p a r a b i l i t y  of f u n c t i o n  
r e q u i r e d  f o r  the  M I 1  demons t r a t ion  w i t h  o t h e r  means. The 
u s e  of s e p a r a t e  s o f t w a r e  tasks running  under  a real-time 
m u l t i - t a s k i n g  o p e r a t i n g  system e f f e c t i v e l y  accompl ishes  t h e  
same t h i n g  w i t h  less hardware.  The purpose  of a 
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mul t i - t aSk ing  OS i s  t o  a l low many independent  tasks  t o  run  
c o n c u r r e n t l y  on one p r o c e s s o r .  E f f e c t i v e l y ,  t h e  OS 
t r a n s f o r m s  one p h y s i c a l  p rocesso r  i n t o  m u l t i p l e  l o g i c a l  
p r o c e s s o r s .  T h e  technology f o r  do ing  t h i s  i s  w e l l  developed 
and wide ly  known. T h i s  t echn ique  was employed f o r  t h e  M I 1  
demons t r a t ion  t o  show t h e  s e p a r a t i o n  of media dependent  and 
media independent  f u n c t i o n s .  

T h e  o p e r a t i n g  system s e r v i c e s  p l a y  an impor t an t  r o l e  i n  t h e  
demons t r a t ion  system. Opera t ing  system calls are used t o  
a l l o c a t e  and d e a l l o c a t e  memory f o r  t h e  v a r i o u s  b u f f e r s .  I n  
a d d i t i o n ,  t h e  i n t e r p r o c e s s  communications p r o v i s i o n s  of t h e  
OS are used  f o r  communications a c r o s s  t h e  MII. These 
f u n c t i o n s  are provided  by cal ls  t o  t h e  s i g n a l  and wait 
system service r o u t i n e s .  I n  t h e  f i n a l  I C D ,  these 
communications are r e p l a c e d  by the u s e  of the  semaphore and 
p o i n t e r  l o c a t i o n s  d e f i n e d  f o r  each e n t i t y .  
are expec ted  t o  occur  over  t h e  VME bus .  The 

These 

OS s e r v i c e s  f o r  t h i s  f u n c t i o n  p rov ides  t he  same l e v e l  
s e p a r a t i o n  as i s  provided  i n  t h e  f i n a l  ICD. 

3 . 3 . 4  A S N . l  SYNTAX 

The demons t r a t ion  system used A S N . l  s y n t a x  and encoding 
r u l e s  f o r  data t r a n s f e r s  a c r o s s  t h e  M I 1  as described i n  
S e c t i o n  2 .  The r e s u l t a n t  t r a n s f e r  language  i s  g i v e n  i n  t h e  
SOFTWARE USER MANUAL i n  Appendix B. 

3 . 4  DEMONSTRATION SYSTEM DETAILED DESCRIPTION 

3 . 4 . 1  COMPONENT IMPLEMENTATION 

3 . 4 . 1 . 1  TOKEN MAC 

The d e s i g n  of t h e  Token Bus MAC was p u r p o s e l y  k e p t  v e r y  
s imple  f o r  t h i s  demons t r a t ion .  S ince  it i s  implemented w i t h  
so f twase  t o  r u n  on t h e  S ta r*Bus  hardware, performance i s  
i n h e r e s t l y  l imited and no a t t empt  was made t o  op t imize  the 
design: The o p e r a t i o n  of t h e  Token Bus MAC i s  v e r y  l o o s e l y  
p a t t e r n e d  af ter  IEEE 8 0 2 . 3 ,  b u t  many of  the  advanced 
f e a t u r e s  t h a t  would normal ly  be des igned  i n t o  firmware were 
n o t  i n c o r p o r a t e d .  P r i o r i t y  s e r v i c e  and r i n g  e n t r y  and e x i t  
a l g o r i t h m s  are n o t  p rov ided .  Token r e c o v e r y  i s  performed 
v i a  a s imple  watchdog timer tha t  detects when t h e  token  has 
a p p a r e n t l y  been l o s t .  I n i t i a l i z a t i o n  of t h e  token  i s  
performed by a manually a c t i v a t e d  system management command. 
Unsuccessfu l  a t t e m p t s  t o  p a s s  t h e  token  are detected u s i n g  
t h e  acknowledge s u p p l i e d  by t h e  FODS hardware and r e t r y s  are 
a t t e m p t e d  i n  t h i s  case. The Token Bus MAC acknowledges the 
e x i s t e n c e  and man ipu la t e s  t h e  v a r i a b l e s  i n  t h e  l i s t  below, 
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although-not all of them 
demonstration system. 

VARIABLE NAME 
TS 
NS 
SLOT-TIME 
HI-PRI-TOKEN-HOLD-TIME 
MAX-AC-4-ROTATION-TIME 
MAX-AC-2-ROTATION-TIME 
MAX-AC-0-ROTATION-TIME 

have any real function in the 

Read 
X 
X 
X 
X 
X 
X 
X 

MAC-RING-MAINTENANCE_ROTATION_TION-TIME x 
RING-MAINTENANCE-TIMER-INITIAL-VALUE x 
MAX-INTER-SOLICIT-COUNT X 
MIN-POST-SILENCE-PREAMBLE-LENGTH X 
EVENT-ENABLE-MASK X 
MAX-RETRY-LIMIT X 
MA-GROUP-ADDRESS X 
CHANNEL-ASSIGNMENTS X 

TRANSMITTED-OUTPUT-INHIBITS X 
RECEIVED-SIGNAL-SOURCES X 
SIGNALING-MODE X 
RECEIVED-SIGNAL-LEVEL-REPORTING X 
LAN-TOPOLOGY-TYPE X 
MAC-TYPE X 

TRANSMITTED-POWER-LEVEL_ADJUSTMENT x 

Write Real Emulated 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X x 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

X 

9 

Variable l i s t ,  token MAC 

3.4.1.1.1 MAC PROCESS 

The Token MAC process basically builds and maintains queues 
of commands and data packets. It processes requests and 
commands received from the LLC and station manager and 
builds--a queue of data packets for the interrupt servicer to 
transmZt.- SM commands are processed by taking appropriate 
actions and/or building response primitives and sending them 
back. This process also receives packets from the interrupt 
service routines and queues them to the LLC. 

3.4.1.1.2 INTERRUPT SERVICERS 

The interrupt servicers are those routines which deal 
directly with the hardware. These routines manage the token 
and perform DMA transfers of data packets from data buffers 
to the transmitter and from the receiver decoder to data 
buffers. Data buffers are passed to and from the MAC 
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process -via special queues. Also, these routines collect 
statistic relating to the passing of tokens. 

3.4.1.2 STAR*BUS MAC 

The Star*Bus MAC uses a proprietary bus protocol developed 
for space applications under another project. Most of the 
protocol is handled in specially designed micro-coded 
hardware, so that services performed by the software are 
minimal. The Star*Bus MAC recognizes different variables 
than the Token MAC, which are listed below. 

VARIABLE NAME 
MAC-TYPE 
TS 
SLOT-TIME 
INTER-FRAME-GAP 
ATTEMPT-LIMIT 
BACK-OFF-LIMIT 
JAM-SIZE 
MAX-FRAME-SIZE 
MIN-FRAME-SIZE 
ADDRESS-SIZE 
EVENT-ENABLE-MASK 
MA-GROUP-ADDRESS 
MA-GROUP-ADDRESS-ALL 

Read 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Write 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Real Emulated 
X 

X 
X 
X 
X 
X 
X 
X 

1 
X 
X 

X 
X 

Variable list, STAR MAC 

3.4.1.2.1 MAC PROCESS 

The Star*Bus MAC process performs basically the same 
functions as the Token MAC. However, the Star*Bus MAC must 
initiate the first transmission after the transmit queue has 
been allowed to empty since there is no token being passed 
to cause data transmissions to begin. Also, the Star*Bus 
MAC rec-ognizes and processes variables which have meaning to 
its ow6 p r o t o c o l  

3.4.1.2.2 INTERRUPT SERVICERS 

The Star*Bus MAC interrupt servicers perform basically the 
same functions as those of the Token MAC. However, there is 
no token to manage which is the major difference. 
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A s  d i s c u s s e d  i n  a p rev ious  s e c t i o n ,  development of a f u l l y  
f u n c t i o n a l  LLC was found unnecessary  t o  adequa te ly  
demons t r a t e  t h e  M I 1  d e s i g n .  T h e r e f o r e ,  the  demons t r a t ion  
LLC component i n c l u d e s  only  t h e  basic f u n c t i o n s  of sending  
and r e c e i v i n g  p a c k e t s .  The s p e c i a l  LLC test f u n c t i o n s  were 
no t  r e q u i r e d  f o r  t h e  demons t r a t ion .  B a s i c a l l y ,  the  LLC must 
deal w i t h  on ly  t h e  f o u r  p r i m i t i v e s  d e f i n e d  f o r  the  MAC-LLC 
i n t e r f a c e .  T h i s  s e c t i o n  of s o f t w a r e  a l s o  i n c l u d e d  test 
f u n c t i o n s  of packet  g e n e r a t i o n  and a n a l y s i s .  

3 . 4 . 1 . 3 . 1  SEND 

T h i s  p r o c e s s  i s  r e s p o n s i b l e  f o r  hand l ing  a l l  data p a c k e t s  t o  
be t r a n s m i t t e d  by the  MAC, whether t h e y  are gene ra t ed  

g e n e r a t e d  i n  a number of ways and from v a r i o u s  s o u r c e s  which-- 
are described i n  more d e t a i l  i n  the  Opera to r s  Manual i n  t he ,  
appendix .  F o r  each packet  s e n t ,  t h i s  p r o c e s s  b u i l d s  a 

i n t e r n a l l y  o r  e n t e r e d  from t h e  c o n s o l e .  

r e q u e s t  p r i m i t i v e  and p a s s e s  i t  t o  t h e  MAC. It a l s o  h a n d l e s  
t h e  r e p l y  p r i m i t i v e  which i s  passed  back as a r e s u l t  of each 
r e q u e s t  and d i s p o s e s  of t h e  a s s o c i a t e d  data b u f f e r  as i s  
a p p r o p r i a t e .  T h i s  p r o c e s s  a l s o  keeps  s t a t i s t i c s  on t h e  
number of packe t s  which have been o r i g i n a t e d  and 
s u c c e s s f u l l y  s e n t  t o  t h e  MAC f o r  t r a n s m i s s i o n .  

Packets may b? 
3 . 4 . 1 . 3 . 2  RECEIVE 

The r e c e i v e  p r o c e s s  c o l l e c t s  and d i s p o s e s  of p a c k e t s  
received from o t h e r  s t a t i o n s .  It accepts MA-DATA.indication 
p r i m i t i v e s  from t h e  MAC and g e n e r a t e s  MA-DATA.indication-ack 
f o r  each one r e c e i v e d ,  t h u s  r e t u r n i n g  the  data b u f f e r  t o  the 
sender(MAC). It a l s o  c o l l e c t s  s ta t is t ics  on r e c e i v e d  
p a c k e t s .  

3 . 4 . 1 . 4  STATION MANAGEMENT 

A formal  s t a t i o n  manager was o u t s i d e  of t h e  r e q u i r e m e n t s  f o r  
the ICD program and t h e r e f o r e  was not  i n c l u d e  i n  the  
demons t r a t ion .  I n  e s s e n c e ,  t h e  t e s t  o p e r a t o r  per forms the  
f u n c t i o n  of s t a t i o n  manager i n  the  d e m o n s t r a t i o n  sys tem.  
T h i s  p o r t i o n  of the system p r o v i d e s  the o p e r a t o r  w i t h  a 
c o n t r o l  and tes t  i n t e r f a c e  i n t o  each B I U  v i a  an  RS-232 
i n t e r f a c e .  The s o f t w a r e  t r a n s l a t e s  o p e r a t o r  i n p u t  commands 
i n t o  t h e  a p p r o p r i a t e  SM p r i m i t i v e s  t o  perform t h e  desired 
a c t i o n s .  Stat is t ics  i n f o r m a t i o n  gathered th roughou t  t he  
system are a l s o  c o l l e c t e d  and d i s p l a y e d  p e r  o p e r a t o r  
commands. 

- - 



M I 1  FINAL REPORT 
DEMONSTRATION SYSTEM 

Page 24 
21 J u l y  1987 

3.4.1.4.i COMMAND INTERPRETER 

T h i s  p r o c e s s  performs a l l  work a s s o c i a t e d  w i t h  hand l ing  
i n p u t  from t h e  o p e r a t o r .  T h i s  i n c l u d e s  b u f f e r i n g  of command 
l i n e s ,  e d i t i n g  f u n c t i o n s ,  p a r s i n g  of t h e  command i n t o  
keywords and a s s o c i a t e d  p a r a m e t e r s ,  and c a l l i n g  of 
a p p r o p r i a t e  h a n d l e r s  t o  perform o r  i n i t i a t e  r e q u e s t e d  
f u n c t i o n s .  The command i n t e r p r e t e r  a c c e p t s  u s e r  i n p u t  
commands, t r a n s l a t e s  them i n t o  SM p r i m i t i v e s  which are s e n t  
t o  t h e  MAC. It a l s o  a c c e p t s  test commands and a c t i v a t e s  t h e  
r e q u e s t e d  test f u n c t i o n s ,  f o r  example t h e  send ing  of p a c k e t s  
o r  a c t i v a t i o n  of a d i s p l a y  mode. 

3.4.1.4.2 DISPLAY 

T h i s  p r o c e s s  p r o v i d e s  d i s p l a y  of packet  c o n t e n t s  on the CRT. 

u n t i l  t h e  r e q u e s t  has been s a t i s f i e d .  T h e r e f o r e ,  t h i s ,  
p r o c e s s  i s  used  t o  perform the d i s p l a y  f u n c t i o n  s o  t h a t  
o t h e r  p r o c e s s e s  may c o n t i n u e  t o  e x e c u t e  whi le  the o u t p u t  
p roceeds .  

It i s  r e q u i r e d  because t h e  o p e r a t i n g  system p r o v i d e s  
b lock ing  110 which s t o p s  t h e  p r o c e s s  r e q u e s t i n g  the 

3.4.1.4.3 STATISTICS 

T h i s  p r o c e s s  d r i v e s  t h e  real time s ta t is t ics  d i s p l a y  f o r  t h e  
system when a c t i v a t e d .  It a l s o  s e r v e s  as a c o l l e c t i o n  p o i n t  
f o r  SM e v e n t s  r e p o r t e d  by t h e  MAC p r o c e s s .  The s ta t is t ics  
d i s p l a y  i s  updated  p e r i o d i c a l l y  p e r  a system alarm timer. 

3.5 DEMONSTRATION TESTING 

The T e s t  S e t  Up which was used  t o  perform the I C D  MI1 
demons t r a t ion  c o n s i s t s  of 3 BIU’s communicating ove r  a f iber 
o p t i c  l i n k  ( S t a r * B u s ) .  Each of the BIU’s i n t e r f a c e s  t o  a 
CRT t e r m i n a l  v i a  an  RS-232. The t e r m i n a l  p r o v i d e s  t he  
o p e r a t o r  w i t h  t e s t ,  c o n t r o l ,  and s t a t i o n  management 
f u n c t i o n s  f o r  the  i n t e r f a c i n g  BIU. A block  diagram of t h e  
test  s e t u p  i s  shown i n  F i g u r e  6 .  
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The  f o l l o w i n g  are v a l i d  commands w-ich t h e  o p e r a t o r  may 
e n t e r  from t h e  c o n s o l e  and which r e s u l t  i n  t h e  described 
a c t i v i t y  o r  f u n c t i o n s .  L i s t s  of v a l i d  v a r i a b l e s  which may 
be manipula ted  f o r  t h e  two M A C ' S  are found i n  the  Token 
Bus /Star*Bus  Medium Access C o n t r o l  So f tware  User Manual. 

SET varname - examine v a r i a b l e  and a l l o w  change 

DIS-VAR varname - d i s p l a y  v a l u e  of s i n g l e  v a r i a b l e  

TEST varnamel,test,varname2,const - perform comparison tes t  
s p e c i f i e d  between two v a r i a b l e s  and set t h e  f irst  v a r i a b l e  
e q u a l  t o  a c o n s t a n t  i f  t h e  tes t  i s  s a t i s f i e d .  The parameter 
" tes t"  may take on the f o l l o w i n g  v a l u e s :  

- t es t  f o r  varnamel less t h a n  varname2 

4 > - test  f o r  varnamel greater t h a n  varname2 

- -  - test f o r  varnamel e q u a l  t o  varname2 

( >  - tes t  f o r  varnamel no t  e q u a l  t o  varname2 

< =  - test  f o r  varnamel less t h a n  or  e q u a l  t o  
varname2 

> =  - tes t  f o r  varnamel  greater t h a n  o r  e q u a l  t o  
varname2 

T h e  comparison i s  an  a tomic  test performed u s i n g  the  compare 
and set S t a t i o n  Management p r i m i t i v e .  No a c t i o n  o t h e r  t h a n  
d i s p l a y  of an  e r r o r  message w i l l  be t a k e n  i f  e i t h e r  v a r i a b l e  
i s  n o t  a v a l i d  MAC v a r i a b l e .  However, type-checking w i l l  
o n l y  be performed by the  MAC when t h e  p r i m i t i v e  i s  
p r o c e s s e d .  - 
CTEST < a r n a m e l , t e s t , c o n s t a n t  - perform comparison test 
s p e c i f i e d  between a v a r i a b l e  and a c o n s t a n t  and set the  
v a r i a b l e  e q u a l  t o  t h e  c o n s t a n t  i f  the  tes t  i s  sat isf ied.  
T h e  parameter  " tes t"  may take on t h e  f o l l o w i n g  v a l u e s :  

- 

- test f o r  varnamel  less t h a n  c o n s t a n t  

> - test f o r  varnamel greater t h a n  c o n s t a n t  

- -  - test  f o r  varnamel e q u a l  t o  c o n s t a n t  
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- <  > - -  test  f o r  varnamel n o t  e q u a l  t o  c o n s t a n t  

< =  - test  f o r  varnamel less t h a n  o r  e q u a l  t o  
c o n s t  a n t  

> =  - test  f o r  varnamel greater t h a n  o r  e q u a l  t o  
c o n s t a n t  

T h e  comparison i s  an  a tomic  t es t  performed u s i n g  t h e  compare 
and set S t a t i o n  Management p r i m i t i v e .  No a c t i o n  o t h e r  t h a n  
d i s p l a y  of an  e r r o r  message w i l l  be t a k e n  i f  the  v a r i a b l e  i s  
n o t  a v a l i d  MAC v a r i a b l e .  However, type-checking  of t h e  
v a r i a b l e  and c o n s t a n t  w i l l  on ly  be performed by t h e  MAC when 
t h e  p r i m i t i v e  i s  p rocessed .  

DIS-MAC - d i s p l a y  a l l  MAC v a r i a b l e s  

SENDS [ a d d r e s s l [ , p a t t e r n l  - send s i n g l e  p a c k e t s  t o  s t a t i o n  
address s t a r t i n g  w i t h  p a t t e r n  as random seed f o r  packet  
g e n e r a t o r .  Once e n t e r e d ,  t h e  r o u t i n e  a c c e p t s :  

s - send nex t  p a c k e t ,  r o t a t i n g  p a t t e r n  

r - r e s e n d  l as t  packe t  

x - q u i t  

c - send  c o n s o l e  d e f i n e d  packe t  

Both pa rame te r s  are o p t i o n a l  and will d e f a u l t  t o  p r e v i o u s l y  
used address and pattern. 

SENDC [ t l  [ , l [ p l [ , l [ a d d r e s s  l i s t ]  - send  p a c k e t s  c o n t i n u o u s l y  

t = time between p a c k e t s  

- p = ( r l o t a t i n g  o r  ( f ) i x e d  p a t t e r n  or ( c ) o n s o l e  
-- e n t e r e d  packet  o r  f ixed ( q ) u e u e  of r o t a t i n g  
.. p a c k e t s .  - 

address l i s t  = l i s t  of up t o  16 d e s t i n a t i o n  
addresses s e p a r a t e d  by commas. 

KILL-SEND - c a n c e l  t h e  c o n t i n u o u s  s e n d i n g  of p a c k e t s  
p r e v i o u s l y  a c t i v a t e d  v i a  t h e  SENDC command. 

KILL-STATS - c a n c e l  t h e  d i s p l a y  of real-time s t a t i s t i c s .  
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CONSOLE faddrl  - a c c e p t  and send ASCII t ex t  from the  conso le  
and d i s p l a y  r e c e i v e d  p a c k e t s  on c o n s o l e  i n  ASCII 

DEF-PACKET - e n t e r  a packe t  from the  keyboard i n  HEX f o r  
subsequent  t r a n s m i s s i o n  by a n o t h e r  command. 

DIS-STATS - d i s p l a y  s t a t i c  s ta t i s t ics  

RESET - r e - i n i t i a l i z e  v a r i a b l e s  i n  t h i s  s t a t i o n  

DIS-RT - d i s p l a y  realtime s ta t is t ics  i n  t h e  realtime window. 

FREEZE - f r e e z e  MAC a c t i v i t y  

UNFREEZE - resume normal MAC a c t i v i t y  

ENTER-RING - a c t i v a t e  t h e  r i n g  by p a s s i n g  a t o k e n  frame t o  
t h e  next  s t a t i o n .  T h i s  command w i l l  a l s o  a c t i v a t e  t h e  
watchdog t o k e n  timer s o  t ha t  t h i s  s t a t i o n  w i l l  g e n e r a t e  a 
new token  i f  i t  i s  dropped .  

EXIT-RING - consume the  token  by r e f u s i n g  t o  p a s s  t h e  next  
t oken  r e c e i v e d  and d e a c t i v a t e  the watchdog t o k e n  timer. 

DIS-GA - d i s p l a y  group address table 

GRP-ADDR 1-laddr - modify group address table by adding o r  
d e l e t i n g  t h e  s p e c i f i e d  a d d r e s s .  The minus s i g n  c a u s e s  t h e  
address t o  be deleted from t h e  table  i f  it a l r e a d y  e x i s t s .  
If table i s  f u l l  o r  address i s  a l r e a d y  d e f i n e d  o r  a t t empt  i s  
made t o  delete address not previously d e f i n e d ,  t h e n  an  
a p p r o p r i a t e  error message i s  d i s p l a y e d .  

CLR-GA - clear t h e  e n t i r e  group address table.  

CLR-STATS - clear a l l  s t a t i s t i c a l  c o u n t e r s .  

DIS-PACKET x - d i s p l a y  packe t  i n  HEX format  on the CRT. 
Parameter-x may take on v a l u e s  o f :  

- 

r = l as t  received packet  

s = las t  s e n t  packe t  

I 
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1 PURPOSE 

The purpose  of t h i s  document i s  t o  g i v e  i n t e r f a c e  
d e s c r i p t i o n s  f o r  implementa t ion  of t h e  Media Access 
C o n t r o l l e r  (MAC) and s o f t w a r e  which i s  t o  i n t e r f a c e  t o  i t .  

2 SCOPE 

T h i s  document c o n t a i n s  g e n e r a l  d e s c r i p t i o n s  of  i n t e r f a c e  
s y n t a x ,  commands and v a r i a b l e s  and r e s p o n s e s  t h e  mac w i l l  
have t o  t h o s e  commands and v a r i a b l e s .  

2 . 1  GENERAL 

Each s e c t i o n  of t h i s  document c o n t a i n s  a s u b s e c t i o n  which 
describes wi th  t e x t  t h e  g e n e r a l  t h e o r y  of o p e r a t i o n  f o r  i t s  
r e s p e c t i v e  component. 

F o r  a d d i t i o n a l  i n f o r m a t i o n  see t h e  IS0  DIS 8824 document 
S p e c i f i c a t i o n  of Abstract Syntax No ta t ion  One (ASN. l ) .  
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3 ARCHITECTURE 

The Media Access C o n t r o l l e r  (MAC) i s  t h e  d e v i c e  which 
manages t h e  a c t u a l  t r a n s f e r  of data on a l o c a l  area network 
(LAN). It i n t e r f a c e s  t o  t h e  p h y s i c a l  l a y e r  ( i . e .  t h e  
hardware) and manages i t  i n  such a way as t o  p rov ide  a means 
by which i t  can share t h e  communication r e s o u r c e s  t h e  
hardware p r o v i d e s .  

The MAC task has two i n t e r f a c e s  t o  t h e  o u t s i d e  wor ld ;  the  
L o g i c a l  Link C o n t r o l  (LLC) ,  and t h e  S t a t i o n  Manager (SM). 

r e q u e s t s  t h e  MAC t o  perform a s e r v i c e  of s h i p p i n g  data t o  an  
a d d r e s s .  I n  a d d i t i o n  t h e  MAC w i l l  i n d i c a t e  t o  t h e  LLC when 
a n o t h e r  remote LLC has passed data t o  i t .  

The i n s t r u c t i o n s  t o  t h e  MAC are queued by t h e  LLC and a 1 
message i s  s e n t  t o  t h e  MAC s o  i t  w i l l  be awakened by the  O S .  
The MAC de-queues i t  and p u t s  i t  i n t o  a message queue f o r  
t h e  MACs i n t e r r u p t  r o u t i n e .  The i n t e r r u p t  r o u t i n e s  take it  
from t h e r e .  The MAC can g e t  a message from the i n t e r r u p t  
r o u t i n e s  which i n d i c a t e  t o  t h e  MAC t ha t  data has a r r i v e d  
from a n o t h e r  remote MAC. The MAC queues a message t o  t h e  
LLC t o  awaken i t  and i n d i c a t e  that  a message has a r r i v e d  and 
where i t  i s .  

The LLC i s  t h e  s o u r c e  and s i n k  of data t o  t h e  MAC. It 

T h e  S t a t i o n  Manager i n t e r f a c e s  i n  t h e  same way as t h e  LLC 
but  i t s  p r i m i t i v e s  are move e x t e n s i v e .  It has t h e  a b i l i t y  
t o  set v a r i a b l e s  i n  t h e  MAC, read i t s  s ta tus ,  reset i t ,  and 
perform a l l  the necessary functions to manage the media. 

For  each r e q u e s t  passed  t o  the MAC from the  LLC o r  SM there 
i s  a conf i rm.  When t h e  MAC i n i t i a t e s  a r e q u e s t ,  e v e n t ,  o r  
i n d i c a t i o n ,  i t  e x p e c t s  a conf i rm.  These conf i rms  a l l o w  t h e  
r e q u e s t o r s  t o  d e a l l o c a t e  t h e  o r i g i n a l  message. 

Each s e c t i o n  g i v e s  f u r t h e r  details  on t h e  method by which 
the  MAC commands o p e r a t e .  

- 
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4 INTERFACES 

4.1 LLC 

4.1.1 COMMANDS - 

The LLC Interface supports MA-DATA request and confirms and 
MA-DATA indication and indi-acks. Details of these commands 
are described in the IEEE 802.3, IEEE 802.4 and IEEE 802.2 
documents. A brief explanation follows; 

MA-DATA.REQUEST 
{ DESTINATION-ADDRESS, M-SDU, DESIRED-QUALITY } 

This command comes from the LLC to the MAC and represents a 
request to ship the data pointed to by the M-SDU to the 
station at address DESTINATION-ADDRESS using a level of 
quality of DESIRED-QUALITY. The MAC is expected to respond 
with the following command: 

MA-DATA.CONFIRMATION 
1 QUALITY, STATUS 1 

This command from the MAC to the LLC will indicate to the 
LLC that the data previously requested to be shipped has 
been sent. The LLC knows what data was sent because the 
MA-DATA.CONFIRMATION message is returned to the LLC by 
overwriting the original MA-DATA.REQUEST message. 

MA-DATA.INDICATION 
{ DESTINATION-ADDRESS, SOURCE-ADDRESS, 
M-SDU, QUALITY } 

This command from the MAC to the LLC will indicate to the 
LLC that- data located at pointer M-SDU from the station 
SOURCE-ADDRESS was sent t o  DESTINATION-ADDRESS (needed to 
identify--when a group address is used) with a QUALITY of 
service. The MAC expects the LLC to overwrite the 
MA-DATA.INDICATION with the MA-DATA.IND1-ACK thus allowing 
it to release the message buffer. 

MA-DATA.IND1-ACK 
{ STATUS 1 

This command from the LLC to the MAC will indicate to the 
MAC that the LLC has no more use for the indicate message 
buffer. 
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4 . 1 . 2  SYNTAX -- 

The LLC communicates t o  the MAC a c r o s s  t h e  MII. The syntax 
of  such communication i s  described i n  t h e  Sof tware  Design 
Document acco rd ing  t o  Abstract Syntax No ta t ion  One o r  ASN.l 
( I S 0  D I S  8824) .  The in fo rma t ion  described i s  encoded t o  the 
basic coding r u l e s  as found i n  ASN.l ( I S 0  D I S  8825).  Some 
sample r e c o r d s  follow the syn tax  n o t a t i o n s  i n  t h e  s t a t i o n  
management i n t e r f a c e  s e c t i o n .  
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MESSAGE-RECORD ::= [PRIVATE 01 CHOICE 

1 MA-Data-request [0] ma-request-type I 
MA-Dato-confirm [l] ma-conf i rm-type I 
MA-Data-indicote [ 2 ]  ma- ind i ca te - t ype  I 
MA-lndi-ack [ 3 ]  ma- ind i -ock- type 1 

ma-request-type : :=  SET 

1 d e s t i n a t i o n - a d d r e s s  [0 ]  net -address- type 

M-SDU [ 1 1 M-SDU-t y pe 
requested-Ser-c l a s s  [ 2 ]  req-ser- type 
f rame-cont r o l  [ 3 ]  frame-con-type ( o p t i o n a l )  , 
s t  ream [ 4 ]  s t ream-type ( o p t i o n a l )  , 
I i nk - I  i s t  [ 5 ]  l i n k - l i s t - t y p e  ( o p t i o n a l )  , 
token-c lass  [ 6 ]  t oken -c lass - t ype  ( o p t i o n a l )  

- M u l t i p l e  r e q u e s t - i n f o ’ s  a r e  a l l o w e d  f o r  FDDI o n l y .  
- token-c lass  a l l o w e d  f o r  FDDI o n l y  and has a d e f a u l t .  

I 

ma- ind i ca te - t ype  : : =  SET 
4 d e s t i n a t i o n - a d d r e s s  [0 ]  net -address- type 

source-address [l] net-address- type 

M-SDU 121 M-SDU-type 
r e c e p t i o n - s t a t u s  [ 3 ]  r e c - s t a t u s  ( o p t i o n a l )  
requested-Ser-c lass ( 4 1  req-ser- type ( o p t i o n a l )  
f rame-con t ro l  [5 ]  frame-con-type ( o p t i o n a l )  , 

- The o p t i o n a l  pa ramete rs  have a d e f a u l t  v a l u e .  
l 

ma-conf i rm-type : := 
I t r a n s m i t - s t a t u s  [0 ]  t r a n - s t a t u s  

p rov ided -se r -c lass  [l] prov ided -se r -  
number-of-sdu-l i n k s  [ 2 ]  number-of-sdu 

1 - - - 
ma-indi-ac7k-type : := SET 
1 i n d i - s t a t u s  [0] i n t e g e r  - 1 = goad 0= 

I 

net-address- type : : =  CHOICE 
I net-add VALUE-INTEGER-1 I 

ype ( o p t i o n a t ) ,  
( o p t i o n a l )  

n o t  a c c e p t e d  

p 

M-SDU-type : : =  SET 

1 SDU-PTR (01 ADDRESS. 

SDU-SIZE [l] INTEGER, 

buff-num [ 2 ]  INTEGER 1 



, 
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req-se r-t  ype- : :=-SET 
1 p r i o r i t y  [0]  INTEGER. ( o p t i o n a l )  

response [ l ]  INTEGER, ( o p t i o n a l )  - ack = 1 
q u a l i t y - o f - s e r  [2] INTEGER 1 ( o p t i o n a l )  
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provided-ser- type : : =  SET 
1 p r i o r i t y  [SI INTEGER, ( o p t i o n a l )  

response [ l ]  INTEGER, ( o p t i o n a l )  - ack = 1 

q u a l i t y - o f - s e r  [ 2 ]  INTEGER ( o p t i o n a l )  I 

indi-ack-type : : =  SET 
4 indi-ack-status ock-status 1 

frame-con-type : :=  SET { I  -TED 

l i n k - l i s t - t y p e  : : =  SET { I  -TED 

stream-type : : =  SET { I  -TED 

token-class-type : :=  SET { I  -TED 

rec -s ta tus  : :=  CHOICE 
3 s t a t u s  [SI INTEGER - 1 = good I 

t r a n - s t a t u s  : :=  CHOICE 
{ s t a t u s  [SI INTEGER - 1 = good 1 

number-of-sdu : := CHOICE {I -TED 
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WHAT FOLLOWS IS WHAT IS ACTUALLY USED OUT OF THE ABOVE 
FOR A REQUEST (TO A 802.3 MAC): 

MESSAGE-RECORD : := [PRIVATE 01 CHOICE 
)MA-Data-request [0 ]  

idestination-address [ 0 ]  
I net-odd VALUE-INTEGER-1 

I 
M-SDU 111 

- IROB 1 SDU-PTR [ 0 ]  ADDRESS, 

I 
requested-Ser-class [2] 
ipr iori ty [0] INTEGER, (optional) - priority 
response [ l ]  INTEGER, (optional) - ock = 1 

1 
1 

I 

Typical confirm of o previous response. 

MESSAGE-RECORD : :=  [PRIVATE 01 
4 MA-Data-confirm [l]  

Itronsmit-status [@I  
istotus [0] INTEGER - 1 = good 

provided-ser-class [ l ]  

{priori ty [ 0 ]  INTEGER, -priority 
1 

1 
I 
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~ ~ ~ ~~ 

A t y p i c a l  i n d i c a t e  message f r o m  t h e  MAC t o  t h e  LLC. 

MESSAGE-RECORD : :=  [PRIVATE 01 
{ MA-Da to - ind i ca te  [ Z ]  

I d e s t i n a t i o n - a d d r e s s  [ 0 ]  
1 net-add VALUE-INTEGER-1 

{ net -odd VALUE-INTEGER-1 

1 SDU-PTR [0 ]  ADDRESS - IROB p r t  , 

sou rce-add r e s s  [ I 1  

M-SDU r21 

t 
r e c e p t  i o n - s t a t u s  [ 3 ]  

s t a t u s  [0]  INTEGER - 1 = good 

I 
reques ted -Ser -c lass  [ 4 ]  

{ p r i o r i t y  [0] INTEGER, - p r i o r i t y  

t 
1 

1 

MESSAGE-RECORD ::= [PRIVATE 01 CHOICE 
{ MA-Indi-ock [ 3 ]  

{ i n d i - s t a t u s  [0 ]  i n t e g e r  - 1 = ok 0= ! o k ,  

t 
I 

3 
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ENCOD I NG 

e0  IC MESSAGE-RECORD 
e0  l a  MA-Data-request 

e0 06  
c 0  0 2  x x  x x  net-add INTEGER 

c 0  04  x x  x x  x x  x x  SDU-PTR ADDRESS 

c 0  0 2  x x  x x  p r i o r i t y  INTEGER 
c l  0 2  x x  x x  response  INTEGER 

e l  06  

e2 08  

e0  Be MESSAGE-RECORD 
e l  0c MA-Data-conf i rm 

e0  04  
c 0  0 2  x x  x x  s t a t u s  INTEGER 

e0  0 4  
c 0  0 2  x x  x x  p r i o r i t y  INTEGER 

e0  22 MESSAGE-RECORD 
e2 20  MA-Da ta - ind i ca te  

e0  0 4  d e s t i n a t i o n  
c 0  02 x x  x x  net-add INTEGER 

c 0  0 2  x x  x x  net-add INTEGER 

c 0  0 4  x x  x x  x x  x x  SDU-PTR ADDRESS 

c 0  0 2  x x  x x  s t a t u s  INTEGER 

c 0  0 2  x x  x x  p r i o r i t y  INTEGER 

e l  0 4  s o u r c e  

e2 06 

e3 0 4  

e4  0 4  
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3 

- 
e0 08 -- MESSAGE-RECORD 

e3  0 6  .- MA-Indi-ock 
c 0  02 x x  x x  i n d i - s t o t u s  INTEGER 
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4.2 STATION MANAGER COMMANDS 

4.2.1 COMMANDS - 
The Station manager sends invoke commands to the MAC and the 
MAC responds with a reply response. The pairs which follow 
are first station manager command followed by the MAC 
response. 

SM-MAC-LM-SET-VALUE.INVOKE 
SM-MAC-LM-SET-VALUE.REPLY 

SM-MAC-LM-GET-VALUE.INVOKE 
SM-MAC-LM-GET-VALUE.REPLY 

SM-MAC-LM-COMPARE-AND_SET_VALUE.INVOKE 
SM-MAC-LM-COMPARE-AND-SET-VALUE.REPLY 

SM-MAC-ACTION-VALUE.INVOKE 
SM-MAC-ACTION-VALUE.REPLY 

The Station manager can set an event mask which allows the 3 
MAC to report events without a direct request. The MAC 
initiates a NOTIFY and expects a REPLY from the LLC in 
response. 

SM-MAC-EVENT-VALUE-NOTIFY 
SM-MAC-EVENT-VALUE.REPLY 
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4.2.2 IEEE -802.3 COMMAND DESCRIPTIONS - 

SM-MAC-LM-SET-VALUE.INVOKE 
1 PARAMETER-TYPE, ACCESS-CONTROL-INFO 1 

The objective of the SM-MAC-LM-SET-VALUE.INVOKE command by 
the SM is to set a value in the MAC as defined by the 
parameter-type structure. This structure specifies both the 
variable to be set and the value to which it is set. 

SM-MAC-LM-SET-VALUE.REPLY 
1 STATUS 1 

the success o r  failure of a 
SM-MAC-LM-SET-VALUE.INVOKE. The SM expects the 

with the 

The objective of the reply by the MAC to the SM is 
indicate 

overwrite the SM-MAC-LM-SET-VALUE.INVOKE 
SM-MAC-LM-SET-VALUE.REPLY thus allowing the SM to release 
the message buffer. 

SM-MAC-LM-GET-VALUE.INVOKE 
PARAMETER-TYPE, ACCESS-CONTROL-INFO 1 

The objective of the SM-MAC-LM-GET-VALUE.INVOKE command by 
t h e  SM i s  t o  g e t  a v a l u e  i n  t he  MAC as d e f i n e d  by the  
parameter-type structure. This structure specifies the 
variable to be read. 

SM-MAC-LM-GET-VALUE.REPLY 
{ PARAMETER-TYPE, STATUS 1 - 

The obJ%ctive of the reply by the MAC to the SM is to 
indica& - the success o r  failure of a previous 
SM-MAC-LM-GET-VALUE.INVOKE. The SM expects the MAC t o  
overwrite the SM-MAC-LM-GET-VALUE.INVOKE with the 
SM-MAC-LM-GET-VALUE.REPLY thus allowing the SM to release 
the message buffer. 

SM-MAC-LM-COMPARE-AND_SET_VALUE.INVOKE 
{ PARAMETER-TYPE, OPERATION-COMMAND, 
ACCESS-CONTROL-INFO 1 
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The Compare-and Set value command forces the MAC to do a 
comparison (of either a given constant or of a MAC variable) 
against a MAC variable. If the comparison is true then the 
MAC variable is over written. The PARAMETER-TYPE indicates 
the parameter to be over written and the value to use. The 
OPERATION-COMMAND structure specifies the comparison to do, 
and the constant or MAC variable to use in the comparison. 

SM-MAC-LM-COMPARE-AND-SET-VALUE.REPLY 
{ STATUS, RETURN-VAL I 

The objective of the reply by the MAC to the SM is to 
indicate the success or failure of a previous 
SM-MAC-LM-COMPARE-AND_SET_VALUE.INVOKE . The SM expects the 
MAC to overwrite the SM-MAC-LM-COMPARE-AND_SET_VALUE.INVOKE 
with the SM-MAC-LM-COMPARE-AND_SET_VALUE.REPLY thus allowing 
the SM to release the message buffer. 

SM-MAC-ACTION-VALUE.INVOKE 
{ PARAMETER-ID, ACCESS-CONTROL-INFO 1 

The objective of the SM-MAC-ACTION-VALUE.INVOKE command by 
the SM is to force a MAC operation (i.e. reset, freeze) in 
the MAC as defined by the parameter-ID structure. This 
structure specifies the action to be performed. 

SM-MAC-ACTION-VALUE.REPLY 
{ STATUS, ACTION-REPORT 1 

The objective of the reply by the MAC to the SM is to 
indicate the success or failure of a previous 
SM-MAC-ACTION-VALUE.INVOKE . The SM expects the MAC to 
overwrite the SM-MAC-ACTION-VALUE.INVOKE with the 
SM-MACACTION-VALUE.REPLY thus allowing the SM to release 
the message buffer. - 

MAC-SM-EVENT-VALUE.NOTIFY 
{ EVENT-ID 1 

The objective of the MAC-SM-EVENT-VALUE.NOTIFY command by 
the MAC is to report a event which has occurred in the MAC 
as defined by the EVENT-ID structure. This structure 
specifies the Event and an integer. These events can be 
masked by setting the EVENT-MASK variable. 
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MAC-SM-EVENT-VALUE.REPLY 
. f STATUS 1 

The objective of the following reply by the SM to the MAC is 
to indicate the success or failure of a prev ious  
MAC-SM-EVENT-VALUE.NOTIFY. The MAC expects the SM to 
overwrite the MAC-SM-EVENT-VALUE.NOTIFY with the 
MAC-SM-EVENT-VALUE.REPLY thus allowing the MAC to release 
the message buffer. 
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READ-WRITE-VALUE-TYPES : :=  CHOICE 
[@I MAC-TYPE 
1 1 1  TS 

[ 2 1  S LOT-T I ME 
131 INTER-FRAME-GAP 
141 ATTEMPT-L 1 MI T 

[51  BACK-OFF- L I MI T 
[ G I  JAM-SIZE 
[71 MAX-FRAME-SIZE 
[81 MIN-FRAME-SIZE 
[91  ADDRESS-S I ZE 
[ 1 0 1  EVENT-ENABLE-MASK 
[ I 1 1  MA-GROUP-ADDRESS 
t 1 2 1  MA-GROUP-ADDRESS-ALL 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

$ 
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TS : : =  VALUE-ADDRESS-1 

T h i s  v a r i a b l e  r e p r e s e n t s  t h e  a d d r e s s  o f  t h i s  s t a  
FODS has i t s  a d d r e s s  s e t  i n  ha rdware  t h i s  v a r i a b  
e f f e c t  on MAC p e r f o r m a n c e .  

SLOT-TIME : : =  VALUE-INTEGER-1 

T h i s  v a r i a b l e  r e p r e s e n t s  t h e  s l o t  t i m e  o f  t h i s  s 
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i o n .  S i n c e  
e has no 

a t i o n .  T h i  
i s  t h e  maximum t i m e  t h i s  s t a t i o n  must w a i t  on a n o t h e r  
s t a t i o n  t o  respond  t o  a t r a n s m i t i o n .  The FODS knows t h i s  a s  
T-Gap. S i n c e  FODS has T-Gap s e t  i n  ha rdware  t h i s  v a r i a b l e  
has  n o  e f f e c t  on MAC p e r f o r m a n c e .  

EVENT-ENABLE-MASK : : = EVENT-ENABLE-BI TS 

EVENT-ENABLE-BITS : : =  B I T  STRING 

1 DUPLICATE-ADDRESS ( 2 )  * 

FAULTY-TRANSMITTER ( 3 )  B 

XMIT-QUEUE-THRESHOLD-EXCEEDED ( 4 ) .  
RECEIVE-QUEUE-THRESHOLD-EXCEEDED ( 5 ) ,  

WATCH-DOG-TIMEOUT ( 6 ) .  
FROZEN (7) * 
MAX-RETRY-ENCOUNTERED (10) .  
BAD-MESSAGE-SENT ( 1 1 )  I 

- Where 1 i s  e n a b l e d  

The MAC w i l l  r e p o r t  e v e n t s  when d i s c o v e r e d  and t h e  
a p p r o p r i a t e  b i t  i s  s e t  i n  t h e  MASK above .  These b i t s  a r e  
i n s p e c t e d  each t i m e  t h e  e v e n t  has  o c c u r r e d  and t h e  MAC t a s k  
i s  a c t i v e .  The e v e n t  i s  r e p o r t e d  o n l y  once whenever t h e  
a c t u a l  o c c u r e n c e  i s  d e t e c t e d .  

- 
ATTEMPT-LIAlIT : : =  VALUE-INTEGER-1 

T h i s  i s  t h e  maximum number o f  t i m e s  t h a t  a p a c k e t  w i l l  be 
r e t r a n s m i t t e d  when t h e  acknowledgement  i n d i c a t e s  a bad  
t r a n s m i t t i o n .  S i n c e  t h i s  i s  a c o n n e c t i o n l e s s  sys tem t h i s  
v a r i a b l e  w i l l  n o t  be u s e d .  

- 
. .  . 

MA-GROUP-ADDRESS : := VALUE-ADDRESS-1 

P 

The MAC can  respond  t o  a g r o u p  o f  g r o u p  a d d r e s s e s .  T h i s  i s  
one o f  two  methods f o r  t h e  S t a t i o n  Manager t o  t e l l  t h e  MAC 
w h i c h  a d d r e s s e s  a r e  a c c e p t a b l e .  T h i s  i m p l e m e n t a t i o n  w i l l  
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s u p p o r t  a t o t a l  o f  16 g r o u p  addresses .  A p o s i t i v e  v a l u e  i n  
t h i s  command w i l l  s e t  t h i s  add ress  as p a r t  o f  t h e  g r o u p  
addresses  ( u n l e s s  t h e r e  a l l  used up)  and o n e g a t i v e  address  
w i l l  d e l e t e  t h i s  add ress  f r o m  t h e  t a b l e .  

MA-GROUP-ADDRESS-ALL : : =  VALUE-ADDRESS-16 

The MAC can  respond  t o  a g r o u p  o f  g r o u p  addresses .  T h i s  i s  
one o f  two methods f o r  t h e  S t a t i o n  Manoger t o  t e l l  t h e  MAC 
w h i c h  addresses  o r e  a c c e p t a b l e .  T h i s  i m p l e m e n t a t i o n  w i l l  
s u p p o r t  a t o t a l  o f  16 g r o u p  addresses .  T h i s  command w i l l  

w r i t e  or r e a d  a l I  16 addresses  a t  once.  Addresses w h i c h  a r e  
n o t  v a l i d  add resses  s h o u l d  be s e t  t o  a n e g a t i v e  one.  
T h e r e f o r e  o n l y  p o s i t i v e  add resses  w i l l  be possed i n  w i t h  
t h i s  command u n l e s s  t h e r e  a n e g a t i v e  one ( a  n u l l  a d d r e s s ) .  

FREEZE-MAC : := VALUE-INTEGER-1 

T h i s  v a r i a b l e  when s e t  t o  one w i l l  f r e e z e  
t a k i n g  ony d a t o  f r o m  t h e  l o c a l  LLC. A ne 
u n f r e e z e  i t  and a l l o w  any queued messages 

t h e  MAC f r o m  
a t i v e  one w i l  
t o  be p r o c e s s e d .  

T h i s  w i l l  cause a b u r s t  e f f e c t  and may cause l oss  o f  d a t a  
due t o  t h e  c o n n e c t i o n l e s s  n a t u r e  o f  t h e  system and t h e  
l i m i t e d  b u f f e r  space .  

MAC-TYPE : := 03h 

T h i s  v a r i a b l e  i s  o r e o d  o n l y  v o r i o b l e  ond i n d i c a t e s  w h i c h  
v e r s i o n  o f  MAC i s  respond ing .  

INTER-FRAME-GAP : :=  VALUE-INTEGER-1 

T h i s  i s  f u n c t i o n  conno t  be changed w i t h  s o f t w a r e  i n  FODs and 
t h i s  v a r i a b l e  w i l l  n o t  have o e f f e c t  on t h e  pe r fo rmance  
of  t h e  MAC-: - 

BACK-OFF-LIMI 

T h i s  i s  f u n c t  
t h i s  v a r i a b l e  
o f  t h e  MAC. 

: := VALUE-INTEGER-1 

on cannot  be changed w i t h  s o f t w o r e  i n  FODs and 
w i l l  n o t  have a e f f e c t  on t h e  pe r fo rmance  

JAM-SIZE : : =  VALUE-INTEGER-1 

T h i s  i s  f u n c t i o n  canno t  be changed w i t h  s o f t w a r e  i n  FODs and 
t h i s  v a r i a b l e  w i l l  n o t  have a e f f e c t  on t h e  pe r fo rmance  
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o f  t h e  MAC. . 

MAX-FRAME-SIZE : : =  VALUE-INTEGER-1 

T h i s  i s  f u n c t i o n  cannot  be changed w i t h  s o f t w a r e  i n  FODs and 
t h i s  v a r i a b l e  w i l l  n o t  have a e f f e c t  on the  per fo rmance 
o f  t h e  MAC. 

MIN-FRAME-SIZE : := VALUE-INTEGER-1 

T h i s  i s  f u n c t i o n  cannot  be changed w i t h  s o f t w a r e  i n  FODs and 
t h i s  v a r i a b l e  w i l l  n o t  have a e f f e c t  on t h e  per fo rmance 
of  t h e  MAC. 

ADDRESS-SIZE 

T h i s  i s  f u n c t  
t h i s  v a r i a b l e  
o f  t h e  MAC. 

: = VALUE- I NT EGER- 1 

on  cannot  be changed w i t h  s o f t w a r e  i n  FODs and 
w i l l  n o t  have a e f f e c t  on t h e  per fo rmance 
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STATUS-TYPE .: := -CHOICE 

3 UNDEFINED-ERROR [0 ]  VALUE-INTEGER-1 
SUCCESS [ 1 ] VALUE-INTEGER-1 
REFUSE-TO-COMPLY [ 2 ]  VALUE-INTEGER-1 
NOT-SUPPORTED [3 ]  VALUE-INTEGER-1 
ERROR-IN-PERFOR [ 4 ]  VALUE-INTEGER-1 
NOT-AVAILABLE [ S I  VALUE-INTEGER-1 
BAD-PARAMETER-ID [ 6 ]  VALUE-INTEGER-1 
BAD-PARAMETER-OPERATION [ 7 ]  VALUE-INTEGER-1 I 
BAD-PARAMETER-VALUE [8 ]  VALUE-INTEGER-1 I 
BAD-EXPECT ED-VA LUE [ 9 ]  VALUE-INTEGER-1 I 

These a r e  responses  t o  a command i n d i c a t i n g  t h e  s t a t u s  of  
t h e  command. F o l l o w i n g  a r e  e x p e c t e d  u s e s  o f  t h e s e  responses ;  

UNDEFINED-ERROR - Request was n o t  u n d e r s t o o d  o r  no 

SUCCESS - A s u c c e s s f u l  o p e r a t i o n  has been c o m p l e t e d .  
REFUSE-TO-COMPLY - The o p e r a t i o n  was i m p o s s i b l e  o r  i l l e g a l  
NOT-SUPPORTED - The o p e r a t i o n  i s  n o t  s u p p o r t e d  or 

ERROR-IN-PERFOR - A e r r o r  was e n c o u n t e r e d  

NOT-AVAILABLE - I n f o r m a t i o n  i s  n o t  y e t  

BAD-PARAMETER-ID - Paramete r  I D  was n o t  

BAD-PARAMETER-OPERATION - O p e r a t i o n  r e q u e s t e d  

BAD-PARAMETER-VALUE - The P a r a m e t e r  

BAD-EXPECTED-VALUE - The e x p e c t e d  v a l u e  was 

a p p r o p r i a t e  e r r o r  message a v a i l a b l e .  

r e c o g n i z e d .  

d u r i n g  o p e r a t i o n .  

a v a i l a b l e .  

r e c o g n i z e d .  

was n o t  r e c o g n i z e d  

v a l u e  was bad.  

i I l e g a l .  

- 
EVENT-TYPES ::= IMPLICIT SEQUENCE 

3 EVENT-CaSS - EVENT-CLASS-TYPES I 

EVENT-CLASS-TYPES : := CHOICE 

1 LOCAL [0] EVENT-IDENTIFIER-TYPES I 
REMOTE [l] EVENT-IDENTIFIER-TYPES 1 

E v e n t s  i n  t h i s  i m p l e m e n t a t i o n  a r e  a l w a y s  LOCAL ( a s  opposed 
t o  e v e n t s  t h a t  o c c u r r e d  i n  a remote  n o d e ) .  

EVENT-IDENTIFIER-TYPES : := CHOICE 
4 DUPLICATE-ADDRESS [ 2 ]  VALUE-INTEGER-1 I 
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FAULTY-TRANSMITTER [3] VALUE-INTEGER-1 I 
XMIT-OUEUE-THRESHOLD_EXCEEDED [ 4 ]  VALUE-INTEGER-1 1 
RECEIVE-OUEUE-THRESHOLD-EXCEEDED [5] VALUE-INTEGER-1 I 
WATCH-DOG-TIMEOUT [SI VALUE-INTEGER-1 1 
FROZEN [ 7 ]  VALUE-INTEGER-1 1 
MAX-RETRY-ENCOUNTERED [ 1 0 ]  VALUE-INTEGER-1 1 
BAD-MESSAGE-SENT [ l l ]  VALUE-ADDRESS-1 1 

These e v e n t s  a r e  r e p o r t e d  upon t h e  d i s c o v e r y  o f  t h e  
f o l l o w i n g  c o n d i t i o n s ;  

DUPLICATE-ADDRESS - Does n o t h i n g  s i n c e  FODs d o e s n ’ t  r e p o r t  
o t h e r  a d d r e s s e s .  

FAULTY-TRANSMITTER - Does n o t h i n g  s i n c e  FODs d o e s n ’ t  r e p o r t  
bad  t r o n s m i t t e r s .  

XMIT-QUEUE-THRESHOLD-EXCEEDED - F l a g g e d  when t h e  MAC 
canno t  g e t  b u f f e r  space 
f o r  o u t g o i n g  d a t a .  

RECEIVE-QUEUE-THRESHOLD_EXCEEDED - F l o g g e d  when t h e  MAC 
canno t  ge t  b u f f e r  
space f o r  i n c o m i n g  
d a t a .  

WATCH-DOG-TIMEOUT - F l a g g e d  i f  t h e  h a r d w a r e  w a t c h  dog 
t i m e r  e x p i  r e s .  

FROZEN - F l a g g e d  when t h e  MAC i s  f r o z e n .  R e p o r t e d  on l y  

o n c e .  

MAX-RETRY-ENCOUNTERED - F l a g g e d  when a t h e  max r e t r y  i s  
e n c o u n t e r e d .  Any IRL4  i n t e r r u p t  
i n d i c a t e s  t h e  h a r d w a r e  r e t r y e d  
beyond t h e  r e t r y  l i m i t .  

BAD-MESSAa-SENT -F lagged  when t h e  MAC d i s c o v e r s  a message 
w h i c h  does n o t  a g r e e s  w i t h  i t s  i n d i c a t e d  
s t r u c t u r e  s i z e  ( i . e .  bad l e n g t h  f i e l d ) .  

ACTION-VALUE-TYPES : : =  CHOICE 
I RESET [0] VALUE-INTEGER-1 I 

FREEZE/UNFREEZE [ l ]  FREEZE-MAC I 

The ACTION-VALUE-TYPES a l l o w  t h e  f o l l o w i n g ;  

Rese t  v a l u e - i n t e g e r - 1  = a n y t h i n g :  
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A r e s e t  w i l l  f l u s h  a 
p a r a m e t e r s  t o  t h e i r  
i t s  h o l d i n g  i t ) .  and 
o r  t h e  LLC. 

FREEZE/UNFREEZE FREE 
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I queues ,  s e t  a l l  o p e r a t i n g  
n i t i a l  v a l u e s ,  l o s e  t h e  t o k e n  ( i f  
a w a i t  work  f r o m  e i t h e r  t h e  med ia  

E-MAC = 1 w i l l  f r e e z e  rnac. 
= -1 w i l l  u n f r e e z e  rnac 

A FREEZE/UNFREEZE command w i t h  F r e e z e  o p t i o n  w i l l  make t h e  
MAC m a i n  t a s k  i g n o r e  a11 queues b u t  t h e  SM. I n  e f f e c t  t h e  
MAC i s  f r o z e n  t o  l o c a l  s e r v i c e  o n l y .  P a c k e t s  a r r i v i n g  f r o m  
remote  nodes and f rom t h e  LLC w i l l  be queued u n t i l  t h e  
b u f f e r  i s  exceeded or t h e  MAC i s  u n f r o z e n .  The t o k e n  
i s  s t i l l  passed  a s  n o r m a l .  Commands f r o m  t h e  S t a t i o n  
Manager a r e  p r o c e s s e d  w h i l e  f r o z e n .  

OPERATION-CWAND-TYPES : : =  CHOICE 
1 T EST-<< [ 0 ]  READ-WRITE-VALUE-TYPES 
TEST->> [ l ]  READ-WRITE-VALUE-TYPES 
TEST-== (21 READ-WRITE-VALUE-TYPES 
TEST-<> [ 3 ]  READ-WRITE-VALUE-TYPES 
TEST-<= [ 4 ]  READ-WRITE-VALUE-TYPES 
T EST->= [ 5 ]  READ-WRITE-VALUE-TYPES 
<<-GIVEN-CONSTANT [ 6 ]  GIVEN 
>>-GIVEN-CONSTANT [ 7 ]  GIVEN 
=-GIVEN-CONSTANT [ 8 ]  GIVEN 
<>-GIVEN-CONSTANT [ 9 ]  GIVEN 
<==-GIVEN-CONSTANT [ 1 0 ]  GIVEN 
>=-GIVEN-CONSTANT [ll] GIVEN 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

The above o p e r a t i o n s  e x p e c t s  a v a r i a b l e  ( w e ' l l  c a l l  v a r l )  t o  
be  i n t e r n a l .  The c o m p l e t e  s t r u c t u r e  i n c l u d e s  e i t h e r  a 
v a r i a b l e  o r  c o n s t a n t  w h i c h  w e ' l l  c a l l  v a r 2 .  The c o n s t a n t  i s  
used t o  o y e r w r i t e  V a r l  i n  c a s e  t h e  o p e r a t i o n  t e s t  t r u e  so i n  

two  i n t e r n a l  v a r s  b e i n g  t e s t e d  a c o n s t a n t  i s  
i o .  The above o p e r a t i o n  commands i m p l y  t h e  

t h e  c a s e  nf 
a l s o  p a s s R l  
f o l l o w i n g :  

TEST-<< - 
TEST->> - 
TEST_= - 

f v a r l  << v a r 2  t h e n  v a r l = c o n s t a n t  
f v a r l  >> v'ar2 t h e n  v a r l = c o n s t a n t  
f v a r l  = v a r 2  t h e n  v a r l s c o n s t a n t  

TEST-<> - i f  v a r l  <> v a r 2  t h e n  v a r l = c o n s t a n t  
TEST-<= - i f  v a r l  <= v a r 2  t h e n  v a r l = c o n s t o n t  
TEST->= - i f  v a r l  >= v a r 2  t h e n  v a r l = c o n s t a n t  
<<-GIVEN-CONSTANT - i f  v a r l  << c o n s t a n t  t h e n  v a r  
>>-GIVEN-CONSTANT - i f  v a r l  >> c o n s t a n t  t h e n  v a r  
=-GIVEN-CONSTANT - i f  v a r l  = c o n s t a n t  t h e n  v a r  

=cons t a n  t 
=cons t  a n t  
= c o n s t a n t  
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<>-GIVEN-CONSTANT - i f  v a r l  <> c o n s t a n t  t h e n  v a r l = c o n s t a n t  
<=-G 
>=-G 

V o r l  
I S  a 

VEN-CONSTANT - i f  v a r l  <= c o n s t a n t  t h e n  v a r l x c o n s t a n t  
VEN-CONSTANT - i f  v a r l  <= c o n s t a n t  t h e n  v a r l - c o n s t a n t  

i s  a MAC parameter  t o  be t e s t e d  ( i n t e r n a l ) .  I t s  v a l u e  
ways r e t u r n e d  a l o n g  w i t h  a s t a t u s .  Va r2  i s  a MAC 

paramete r  ( i n t e r n a l )  o r  a c o n s t a n t  ( e x t e r n a l )  used i n  t h e  
compar i son  o f  V a r l  ( i n t e r n a l ) .  V a r l  a l w a y s  r e f e r s  t o  
a v a r i a b l e  l o c a t e d  i n  t h e  MAC. Var2  i s  e i t h e r  l o c a t e d  
i n  t h e  MAC (a  compare o f  two i n t e r n a l  v a r i a b l e s )  o r  as  
a c o n s t a n t  ( e x t e r n a l )  passed i n .  I n  a11 cases  a t r u e  
t e s t  f o r c e s  V a r l  t o  be a e x t e r n a l  c o n s t a n t .  

CONSTANT : := VALUE-INTEGER-1 

VALUE-INTEGER-1 : := IMPLICIT LONG-WORD 

VALUE-ADDRESS-1 : : =  IMPLICIT LONG-WORD (32 BITS) 

VALUE-ADDRESS-16 : := IMPLICIT ARRAY OF 16 LONG-WORDS 
(32 BITS EACH) P 
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4 . 2 . 3  SYNTAX - 
STATION MANAGER INTERFACE SYNTAX 

The s t a t i o n  manager communicates t o  t h e  MAC across t h e  MII. 
The syntax  of such  communication i s  d e s c r i b e d  below 
accord ing  t o  Abstract Syntax N o t a t i o n  One o r  A S N . l  (IS0 D I S  
8824) .  The i n f o r m a t i o n  d e s c r i b e d  i s  encoded t o  t h e  basic 
coding  r u l e s  as found i n  ASN.l ( I S 0  D I S  8825).  Some sample 
records f o l l o w  t h e  syntax n o t a t i o n s .  

4 . 2 . 4  FORMAL SYNTAX SPECIFICATION - 
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MESSAGE-RECORD : :=  [PRIVATE 01 CHOICE 
1 [ 0 ]  SM-MAC-LM-SET-VALUE.INVOKE 
[ l ] SM-MAC-LM-SET-VALUE.REPLY 
[ 2 ]  SM-MAC-LM-GET-VALUE.INVOKE 

[3]  SM-MAC-LM-GET-VALUE.REPLY 
[ 41 SM-MAC-LM-COMPARE-AND-SET-VALUE . I  NVOKE 
[SI SM-MAC-LM-COMPARE-AND-SET-VALUE.REPLY 
[ 6 ]  SM-MAC-ACTION-VALUE.INVOKE 
(71 SM-MAC-ACTION-VALUE.REPLY 
[a ]  SM-MAC-EVENT-VALUE.NOT1FY 
[9] SM-MAC-EVENT-VALUE .REPLY 

SM-MAC-LM-SET-VALUE.1NVOKE : := IMPLIC IT  SEQUENCE 
1 PARAMETER-TYPE READ-WRITE-VALUE-TYPES , 

ACCESS-CONTROL- INFO NULL I 

SM-MAC-LM-SET-VALUE.REPLY : := IMPLIC IT  SEQUENCE 
1 RETURN-VAL READ-WRITE-VALUE-TYPES. 

STATUS STATUS-TYPE1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

t 

SM-MAC-LM-GET-VALUE.INVOKE : :=  IMPLIC IT  SEQUENCE 
1 PARAMETER-TYPE READ-WRITE-VALUE-TYPES , 

ACCESS-CONTROL-INFO NULL I 

SM-MAC-LM-GET-VALUE.REPLY : : =  IMPLIC IT  SEOUENCE 
1 PARAMETER-TYPE READ-WRITE-VALUE-TYPES , 

STATUS STATUS-TYPE 1 

SM-MAC-LM-COMPARE-AND-SET-VALUE.INVOKE ::= IMPLICIT SEOUENCE 
1 PARAMETER-TYPE DMY-RW-TYPES, 

OPERATION-CMAND OPERATION-COMMND-TYPES. 

ACCESS-CONTROL-INFO NULL I - 
SM-MAC-L~hPARE-AND-SET-VALUE.REPLY : := IMPLICIT SEQUENCE 
1 R E T U R N ~ A L  - READ-WRITE-VALUE-TYPES. 

STATUS STATUS-TYPE 1 

SM-MAC-ACTION-VALUE.INVOKE : : =  IMPLIC IT  SEQUENCE 
1 PARAMETER-ID ACTION-VALUE-TYPES , 

ACCESS-CONTROL-INFO NULL{ 
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3 

SM-MAC-ACTION-VALUE.REPLY : : =  IMPLIC IT  SEQUENCE 
1 STATUS STATUS-TYPE, 

ACTION-REPORT NULL 1 
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MAC-SM-EVENT:VALUE.NOTlFY : : =  I M P L I C  

1 EVENT-ID EVENT-TYPES 

MAC-SM-EVENT-VALUE.REPLY : : =  I M P L I C I  

1 STATUS STATUS-TYPE 

T SEQUENCE 

SEQUENCE 
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READ-WRITE-VALUE-TYPES : : =  CHOICE 1 
[@I MAC-TYPE 
[ I 1  TS 
[ 2 1  SLOT-TIME 
131 INTER-FRAME-GAP 
PI ATTEMPT-L IMI T 
[51  BACK-OFF-LIMIT 

t 61 
[ 7 1  MAX-FRAME-SI ZE 
[81 MIN-FRAME-SIZE 
[ 9 1  ADDRESS-SIZE 
[ I01  EVENT-ENABLE-MASK 
[ I 1 1  MA-GROUP-ADDRESS 
[ I 2 1  MA-GROUP-ADDRESS-ALL 

J AM-S I ZE 

Page  2 8  
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

P 
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DUMMY-RW-TYPES : := CHOICE i 
MAC-TYPE [ 0 ]  VALUE-INTEGER-1 1 
TS 
S LOT-T I ME 
I NT ER-FRAME-GAP 
ATTEMPT-LIMIT 
BACK-OFF-LIMIT 
J AM-S I ZE 
MAX-FRAME-S I ZE 
MIN-FRAME-SIZE 
ADDRESS-SIZE 
EVENT-ENABLE-MASK 
MA-GROUP-ADDRESS 
MA-GROUP-ADDRESS-ALL 

[ l]  VALUE-ADDRESS-1 
[ 2 ]  VALUE-INTEGER-1 
[ 3 ]  VALUE-INTEGER-1 
[ 4 ]  VALUE-INTEGER-1 
[ 5 ]  VALUE-INTEGER-1 
[ 6 ]  VALUE-INTEGER-1 
(71 VALUE-INTEGER-1 I 
[8]  VALUE-INTEGER-1 I 
[9] VALUE-INTEGER-1 I 
[ 1 0 ]  VALUE-INTEGER-1 I 
[ 1 2 1  VALUE-INTEGER-1 I 
[13] VALUE-INTEGER-1 I 
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TS : : =  VALUE-ADDRESS-1 

NS : := VALUE-ADDRESS-1 

SLOT-TIME : :=  VALUE-INTEGER-1 

EVENT-ENABLE-MASK : : =  EVENT-ENABLE-BITS 

MA-GROUP-ADDRESS : := VALUE-ADDRESS-1 

MA-GROUP-ADDRESS-ALL : := VALUE-ADDRESS-16 

FREEZE-MAC : := VALUE-INTEGER-1 

MAC-TYPE : :=  03h 

P 
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STATUS-TYPE r : =  CHOICE 

{ UNDEFINED-ERROR [@I 
SUCCESS [ I 1  
RE FUS E-TO-COMP LY 1 2 1  
NOT-SUPPORTED 131 
ERROR-IN-PREFOR [ 4 1  
NOT-AVAILABLE 151 
BAD-PARAMETER-ID 1 6 1  

BAD-PARAMETER-VALUE [81 

BAD-PARAMETER-OPERERATION [ 7 ]  

BAD-EXPECTED-VALUE [91 

VALUE- I NTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 

EVENT-TYPES : := IMPLICIT SEQUENCE 

{ EVENT-CLASS EVENT-CLASS-TYPES I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

EVENT-CLASS-TYPES : : =  CHOICE 

{ LOCAL [0 ]  EVENT-IDENTIFIER-TYPES I 
REMOTE [ I ]  EVENT-IDENTIFIER-TYPES 1 

EVENT-IDENTIFIER-TYPES : := CHOICE 
I DUPLICATE-ADDRESS [ 2 ]  VALUE-INTEGER-1 I 

FAULTY-TRANSMITTER [3 ]  VALUE-INTEGER-1 I 
XMIT-QUEUE-THRESHOLD-EXCEEDED [ 4 ]  VALUE-INTEGER-1 
RECEIVE-QUEUE-THRESHOLD-EXCEEDED [ 5 ]  VALUE-INTEGER-1 
WATCH-DOG-TIMEOUT [ 6 ]  VALUE-INTEGER-1 
FROZEN [ 71 VALUE-INTEGER-1 
MAX-RETRY-ENCOUNTERED [10] VALUE-INTEGER-1 
BAD-MESSAGE-SENT [ 1 1  ] VALUE-ADDRESS-1 

EVENT-ENABLE-BITS : := B I T  STRING 

I DUPLICATE-ADDRESS ( 2 )  * 

FAULTY-TRANSMITTER ( 3 )  9 

XMIT-QUEUE-THRESHOLD-EXCEEDED ( 4 ) .  
RECEIVE-OUEUE-THRESHOLD-EXCEEDED ( 5 ) .  

WATCH-DOG-TIMEOUT ( 6 )  B 

FROZEN ( 7 ) .  
MAX-RETUY-ENCOUNTERED ( 1 0 )  
BAD-MESS~GESENT (11 )  I 

- Where 1 i s  enabled 

ACTION-VALUE-TYPES : := CHOICE' 
{ RESET [0] VALUE-INTEGER-1 I 

FREEZE/UNFREEZE [ 1 ] FREEZE-MAC I 

OPERATION-COWAND-TYPES : :=  CHOICE 
{ TEST-<< [0] DWY-RW-TYPES 
TEST->> [l] DWY-RW-TYPES 

1 
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TEST-= - 
TEST_<> 
TEST-<= 
TEST->= 
<<-GIVEN-CONSTANT 
>>-GIVEN-CONSTANT 
=-GIVEN-CONSTANT 
<>-GIVEN-CONSTANT 
<=-GIVEN-CONSTANT 
>=-GIVEN-CONSTANT 

[ 2 ]  DUMMY-RW-TYPES 
[ 3 ]  DUMMY-RW-TYPES 
[ 4 ]  DMY-RW-TYPES 
[ 5 ]  DUMMY-RW-TYPES 
[ 6 ]  GIVEN 
[7 ]  GIVEN 
[8 ]  GIVEN 
[9] GIVEN 
[ 1 0 ]  GIVEN 
[ l l ]  GIVEN 

Page 3 2  
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GIVEN : : =  CHOICE 

1 [0 ]  VALUE-INTEGER-1 I 
[l] VALUE-ADDRESS-1 I 

CONSTANT : : =  VALUE-INTEGER-1 

VALUE-INTEGER-1 : : =  IMPLICIT INTEGER 

VALUE-ADDRESS-1 : : =  IMPLICIT LONG-WORD (32 BITS)  

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

VALUE-ADDRESS-16 : :=  IMPLICIT ARRAY OF 16 LONG-WORDS 
(32 B I T S  EACH) 
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4 . 2 . 5  IEEE 8 0 2 . 4  SM CWMAND DESCRIPTIONS - 

SM-MAC-LM-SET-VALUE.INVOKE 
{ PARAMETER-TYPE, ACCESS-CONTROL-INFO 1 

The o b j e c t i v e  o f  t h e  SM-MAC-LM-SET-VALUE.INVOKE command by 
t h e  SM i s  t o  s e t  a v a l u e  i n  t h e  MAC as d e f i n e d  by t h e  
parameter- type s t r u c t u r e .  T h i s  s t r u c t u r e  s p e c i f i e s  b o t h  t h e  
v a r i a b l e  t o  be s e t  and t h e  v a l u e  t o  wh ich  i t  i s  s e t .  

SM-MAC-LM-SET-VALUE.REPLY 
{ STATUS 1 

The o b j e c t i v e  o f  t h e  r e p l y  by t h e  MAC t o  t h e  SM i s  t o  
i n d i c a t e  t h e  success o r  f o i l u r e  of o p r e v i o u s  
SM-MAC-LM-SET-VALUE.1NVOKE. The SM e x p e c t s  t h e  MAC t o  
o v e r w r i t e  t h e  SM-MAC-LM-SET-VALUE.INVOKE w i t h  t h e  
SM-MAC-LM-SET-VALUE.REPLY t h u s  a l l o w i n g  t h e  SM t o  r e l e a s e  
t h e  message bu f  f e r  . 

SM-MAC-LM-GET-VALUE.INVOKE 
1 PARAMETER-TYPE, ACCESS-CONTROL-INFO 1 

The o b j e c t i v e  o f  t h e  SM-MAC-LM-GET-VALUE.INVOKE command by 
t h e  SM i s  t o  g e t  a v a l u e  i n  t h e  MAC as d e f i n e d  by t h e  
pa ramete r - t ype  s t r u c t u r e .  T h i s  s t r u c t u r e  s p e c i f i e s  t h e  
v a r i a b l e  t o  be read .  

SM-MAC-LM-GET,VALUE.REPLY 
4 PARAMETER-TYPE. STATUS 1 

The o b j e c t i v e  o f  t h e  r e p l y  by t h e  MAC t o  t h e  SM i s  t o  
i n d i c a t e  -- t h e  success o r  f a i l u r e  o f  a p r e v i o u s  
SMJAC-LM,fET-VALUE. INVOKE. The SM e x p e c t s  t h e  MAC t o  
o v e r w r i t e  t h e  SMJAC-LM-GET-VALUE.INVOKE w i t h  t h e  
SM-MAC-LM-GET-VALUE.REPLY t h u s  a l l o w i n g  t h e  SM t o  r e l e a s e  
t h e  message b u f f e r .  

SM-MAC-LM-COMPARE-ANO-SET-VALUE.INVOKE 
{ PARAMETER-TYPE. OPERATION-CWAND, 

ACC ESS-CONTRO L- I N FO I 

P 

The Compare and Set  v a l u e  command f o r c e s  t h e  MAC t o  do a 
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compar i son  ( 6 f  e i - t he r  a g i v e n  c o n s t a n t  o r  o f  a MAC v a r i a b l e )  
a g a i n s t  a MAC v a r i a b l e .  I f  t h e  compar ison i s  t r u e  t h e n  t h e  
MAC v a r i a b l e  i s  ove r  w r i t t e n .  The PARAMETER-TYPE i n d i c a t e s  
t h e  pa ramete r  t o  be over  w r i t t e n  and t h e  v a l u e  t o  u s e .  The 
OPERATION-COMMAND s t r u c t u r e  s p e c i f i e s  t h e  compar i son  t o  do ,  
and t h e  c o n s t a n t  o r  MAC v a r i a b l e  t o  use i n  t h e  compar i son .  

SM-MAC-LM-COMPARE-AND-SET-VALUE.REPLY 
1 STATUS, RETURN-VAL 1 

The o b j e c t i v e  o f  t h e  r e p l y  by t h e  MAC t o  t h e  SM i s  t o  
i n d i c a t e  t h e  success o r  f a i l u r e  o f  a p r e v i o u s  
SM-MAC-LM-COMPARE-AND-SET-VALUE.INVOKE . The SM e x p e c t s  t h e  
MAC t o  o v e r w r i t e  t h e  SM-MAC-LM-COMPARE-AND-SET-VALUE.INVOKE 
w i t h  t h e  SM-MAC-LM-COMPARE-AND-SET-VALUE.REPLY t h u s  a l l o w i n g  
t h e  SM t o  r e l e a s e  t h e  message b u f f e r .  

SM-MAC-ACTION-VALUE.INVOKE 
4 PARAMETER-ID, ACCESS-CONTROL-INFO 1 

The o b j e c t i v e  o f  t h e  SM-MAC-ACTION-VALUE.INVOKE command by 
t h e  SM i s  t o  f o r c e  a MAC o p e r a t i o n  ( ; . e .  r e s e t ,  f r e e z e )  i n  
t h e  MAC as d e f i n e d  by t h e  parameter- ID s t r u c t u r e .  T h i s  
s t r u c t u r e  s p e c i f i e s  t h e  a c t i o n  t o  be pe r fo rmed .  

SM-MAC-ACT ION-VALUE . REPLY 

I STATUS, ACTION-REPORT 1 

The o b j e c t i v e  o f  t h e  r e p l y  by  t h e  MAC t o  t h e  SM i s  t o  
i n d i c a t e  t h e  success or f a i l u r e  o f  a p r e v i o u s  
SM-MAC-ACTION-VALUE.INVOKE . The SM e x p e c t s  t h e  MAC t o  
o v e r w r i t e  t h e  SM-MAC-ACTION-VALUE.INVOKE w i t h  t h e  
SM-MAC-ACTION-VALUE.REPLY t h u s  a l l o w i n g  t h e  SM t o  r e l e a s e  
t h e  messow b u f f e r .  

- - 

MAC-SM-EVENT-VALUE.NOTIFY 
1 EVENT-ID 1 

The o b j e c t i v e  o f  t h e  
t h e  MAC i s  t o  r e p o r  
a s  d e f i n e d  by t h e  
s p e c i f i e s  t h e  Event 
masked by  s e t t i n g  t h e  

MAC-SM-EVENT-VALUE.NOTIFY command by 
a even t  w h i c h  has o c c u r r e d  i n  t h e  MAC 

EVENT-ID s t r u c t u r e .  T h i s  s t r u c t u r e  
and an i n t e g e r .  These e v e n t s  can be 

EVENT-MASK v a r i a b l e .  

P 
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MACISM-EVENT-VALUE.REPLY 
1 STATUS 1 

The o b j e c t i v e  o f  the  f o l l o w i n g  r e p l y  by t h e  SM t o  t h e  MAC i s  
t o  i n d i c a t e  t h e  success o r  f a i l u r e  o f  a p r e v i o u s  
MAC-SM-EVENT-VALUE.NOT1FY. The MAC expects  t h e  SM t o  
o v e r w r i t e  t h e  MAC-SM-EVENT-VALUE.NOTIFY w i t h  t h e  
MAC-SM-EVENT-VALUE.REPLY thus a l l o w i n g  t h e  MAC t o  r e l e a s e  
t h e  message b u f f e r .  
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V r i a b l e s  which c 

VARIABLE NAME 

n b  0 c e  S J a  e ;  

Read W r i t e  R e a l  E m u l a t e d  

TS X 

NS X 

S LOT-T I ME X 

HI-PRI-TOKEN-HOLD-TIME X 

MAX-AC-4-ROTATION-TIME X 

MAX-AC-2-ROTATION-TIME X 

MAX-AC-0-ROTATION-TIME X 

MAC-RING-MAINTENANCE-ROTATION-TIME x 

RING-MAINTENANCE-TIMER-INITIAL-VALUE x 

MAX-INTER-SOLICIT-COUNT X 

MIN-POST-SILENCE-PREAMBLE-LENGTH X 

EVENT- ENAB L E-MASK X 

MAX-RETRY-LIMIT X 

MA-GROUP-ADDRESS X 

CHANNEL-ASSIGNMENTS X 

TRANSMITTED-POWER-LEVEL-ADJUSTMENT x 

TRANSMITTED-OUTPUT-INHIBITS X 

RECEIVED-SIGNAL-SOURCES X 

SIGNALING-MODE X 

RECEIVED-SIGNAL-LEVEL-REPORTING X 

LAN-TOPOLOGY-TYPE X 

MAC-TY P E X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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READ-WRITE-VALUE-TYPES : := CHOICE 

MAC-TYPE I 
NS I 
SLOT-T IME I 
HI-PRI-TOKEN-HOLD-TIME I 
MAX-AC-4-ROTATION-TIME I 
MAX-AC-2-ROTATION-TIME I 
MAX-AC-0-ROTATION-TIME I 
MAC-RING-MAINTENANCE-ROTATION-TIME I 
R I NG-MA I NTENANCE-T IMER-IN I T IAL-VALUE I 

MIN-POST-SILENCE-PREAMBLE-LENGTH I 
MAX-INTER-SOLICIT-COUNT I 

EVENT-ENABLE-MASK I 
MAX-RETRY-LIMIT I 
MA-GROUP-ADDRESS I 
MA-GROUP-ADDRESS-ALL I 
CHANNEL-ASSIGNMENTS I 

TRANSMITTED-OUTPUT-INHIBITS I 
RECEIVED-SIGNAL-SOURCES I 
SIGNALING-MODE I 
RECEIVED-SIGNAL-LEVEL-REPORTING I 
LAN-TOPOLOGY-TYPE I 
TS I 

TRANSMITTED-POWER-LEVEL_ADJUSTMENT I 
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TS : : =  VALUE-ADDRESS-1 

T h i s  v a r i a b l e  r e p r e s e n t s  t h e  a d d r e s s  o f  t h i s  s t a t i o n .  S i n c e  
FODS has i t s  a d d r e s s  s e t  i n  ha rdware  t h i s  v a r i a b l e  has no 
e f f e c t  on MAC p e r f o r m a n c e .  

NS : : =  VALUE-ADDRESS-1 

T h i s  v a r i a b l e  r e p r e s e n t s  t h e  address  o f  t h e  n e x t  s t a t i o n .  
The IEEE 8 0 2 . 4  w o u l d  n o r m a l l y  c a l c u l a t e  t h i s  add ress  however  
i n  t h i s  i m p l e m e n t a t i o n  t h i s  add ress  must be s e t  i n  o r d e r  f o r  
t h e  MAC t o  know where t h e  n e x t  s t a t i o n  i s  i n  o r d e r  t o  p a s s  
t h e  t o k e n .  

SLOT-TIME : :=  VALUE-INTEGER-1 

T h i s  v a r i a b l e  r e p r e s e n t s  t h e  s l o t  t i m e  o f  t h i s  s t a t i o n .  T h i s  
i s  t h e  maximum t i m e  t h i s  s t a t i o n  must w a i t  on a n o t h e r  
s t a t i o n  t o  respond  t o  a t r a n s m i t i o n .  The FODS knows t h i s  a s  
T-Gap. S i n c e  FODS has T-Gap s e t  i n  ha rdware  t h i s  v a r i a b l e  
has no e f f e c t  o n  MAC p e r f o r m a n c e .  

HI-PRI-TOKEN-HOLD-TIME : :=  VALUE-INTEGER-1 

T h i s  v a r i a b l e  r e p r e s e n t s  t h e  t a k e n  h o l d  t i m e  o f  t h i s  
s t a t i o n .  T h i s  is t h e  maximum t i m e  t h i s  s t a t i o n  can hang on 
t o  t h e  t o k e n .  I f  t h i s  t i m e  e x p i r e s  t h e n  t h e  t o k e n  must  be 
passed .  

MAX-AC-4-ROTATION-TIME : := VALUE-INTEGER-1 

T h i s  v a r i a b l e  can  be  w r i t t e n  t o  and r e a d  b u t  i s  n o t  u s e d  i n  
t h i s  i m p l m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and  w i l l  have no 
e f f e c t  on--he MAC p e r f o r m a n c e .  - 

MAX-AC-2-ROTATION-TIME ::= VALUE-INTEGER-1 

T h i s  v a r i a b l e  c a n  be w r i t t e n  to and  r e a d  but i s  n o t  u s e d  i n  
t h i s  i m p l e m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and w i l l  have n o  
e f f e c t  on t h e  MAC p e r f o r m a n c e .  

MAX-AC-0-ROTATION-TIME : :=  VALUE-INTEGER-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and r e a d  but i s  n o t  u s e d  i n  
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t h i s  impleme-ntat jon t o  p e r f o r m  a f u n c t i o n  and w i l l  have no 
e f f e c t  on t h e  MAC pe r fo rmance ,  

MAC-RING-MAINTENANCE~ROTATION_TIME : := VALUE-INTEGER-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and read  b u t  i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and w i l l  have no 
e f f e c t  on t h e  MAC per formance.  

RING-MAINTENANCE-TIMER-INITIAL-VALUE : := VALUE-INTEGER-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and read  b u t  i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and w i l l  have no 
e f f e c t  on t h e  MAC per formance.  

MAX-INTER-SOLICIT-COUNT : :=  VALUE-INTEGER-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and read  b u t  i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and w i l l  have no 
e f f e c t  on t h e  MAC per formance.  

MIN-POST-SI LENCE-PREAWLE-LENGTH : := VALUE-INTEGER-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and r e a d  b u t  i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and w i l l  have no 
e f f e c t  on t h e  MAC per formance.  

JN-RING-DES RED : := VALUE-INTEGER, 

T h i s  v a r i a b  e w i l l  a l l o w  t h e  MAC t o  p a r t i c i p a t e  i n  t h e  r i n g  
when se t  t o  one. When t h e  command i n i t i a l l y  comes t o  set 
t h i s  v a r i d l e  t o  a one t h e  t o k e n  i s  k i c k e d  o f f  (presumable 
f o r  t h e  f R s t  t i m e ) .  Sending m u l t i p l e  IN-RING-DESIRED 
commands iV one w i l l  genera te  m u l t i p l e  tokens  i n  t h e  media.  
T h i s  i s  o d e v i a t i o n  f rom IEEE 882.4 
o f  
t h i s  v a r i a b l e  w i l l  be ve ry  
u s e f u l  f o r  t e s t i n g .  A n e g a t i v e  one 
t o  consume t h e  n e x t  tokens i t  r e c e  

but t h e  d e s c r i b e d  usage 

command w i l l  t e l l  t h e  MAC 
ves ( i . e .  i t  w i l l  do 

P 

n o t h i n g  and n o t  pass t h e  token  c u r r e n t l y  h e l d ) .  T h i s  w i l l ,  

o f  
c o u r s e ,  l o c k  up t h e  media when t h e  l o s t  t o k e n  i s  consumed so 
a t  some p o i n t  i t  w i l l  be necessary t o  s e t  IN-RING-DESIRED t o  
one a g a i n .  
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T h i s  work i s  implemented by s e t t i n g  force- token-pass t o  t r u e  
ond c a l  I i n g  MACiTronsmit-queue() when t h e  IN-RING-DESIRED = 
1 o r  by s e n d i n g  o NULL work pockage t o  t h e  i n t e r r u p t  
r o u t i n e s  when IN-RING-DESIRED = -1 ( t h i s  w i l l  consume t h e  
c u r r e n t  o r  n e x t  t o k e n ) .  Keep i n  m i n d  t h a t  t h i s  system w i l l  

a u t o m o t i c o l l y  a t t e m p t  t o  consume e x t r o  tokens  so t h e  s t a t i o n  
manoger may have t o  wo tch  t h e  dua l  t o k e n  even t  r e p o r t s  i f  i t  

r e a l l y  w ishes  t o  keep t r a c k  o f  m u l t i p l e  tokens .  

EVENT-ENABLE-MASK : := EVENT-ENABLE-BI S 

EVENT-ENABLE-BITS : :=  B I T  STRING 

I NS-CHANGED ( 0 )  
NS-NULL ( 1 ) .  
DUPLICATE-ADDRESS ( 2 )  * 

FAULTY-TRANSMITTER ( 3 ) .  
XMIT-OUEUE-THRESHOLD_EXCEEDED (4 )  , 
RECEIVE-QUEUE-THRESHOLD-EXCEEDED (5 ) .  

WATCH-DOG-TIMEOUT ( 6 ) .  
FROZEN (7). 
TOKEN- LOST ( 8 )  P 
DUAL-TOK EN ( 9 )  t 
MAX-RETRY-ENCOUNTERED (10)  1 

- Where 1 i s  enab led  

The MAC w i l l  r e p o r t  e v e n t s  when d i s c o v e r e d  and t h e  
a p p r o p r i a t e  b i t  i s  s e t  i n  t h e  MASK above.  B i t  0 i s  t h e  
NS-Stat ion,  b i t  1 i s  t h e  NS-NULL e t c .  These b i t s  a r e  
i n s p e c t e d  each t i m e  t h e  even t  has o c c u r r e d  and t h e  MAC t a s k  
i s  a c t i v e .  The even t  i s  r e p o r t e d  o n l y  once whenever t h e  
a c t u a l  o c c u r e n c t  i s  d e t e c t e d .  

MAX-RETRY-LIMIT : := VALUE-INTEGER-1 

T h i s  i s  t k e  maximum number o f  t i m e s  t h a t  a packe t  w i l l  be 
r e t r o n s m i f i e d  when t h e  acknowledgement i n d i c a t e s  a bod 
t r a n s m i t t . i p n . - S i n c e  t h i s  i s  a c o n n e c t i o n l e s s  system t h i s  
v a r i a b l e  s h o u l d  n o t  be used. However, i t  w i l l  be l oaded  i n t o  
t h e  hardware t r a n s m i t  r e g i s t e r  whenever a packe t  i s  t o  be 
sen t  ond t h e  ha rdware  w i l l  a c t u a l l y  p e r f o r m  r e t r y s .  

MA-GROUP-ADDRESS : := VALUE-ADDRESS-1 

The MAC can respond 
one o f  two methods 
w h i c h  addresses  a r c  
s u p p o r t  a t o t a l  of  

t o  a g roup  o f  g r o u p  addresses .  T h i s  i s  
or t h e  S t a t i o n  Manager t o  t e l l  t h e  MAC 
a c c e p t a b l e .  T h i s  i m p l e m e n t a t i o n  w i l l  

6 g roup  addresses .  A p o s i t i v e  v a l u e  i n  
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t h i s  command w i l l  se t  t h i s  add ress  as p a r t  o f  t h e  g r o u p  
oddresses ( u n l e s s  t h e r e  a1 I used up) and a n e g a t i v e  oddress  
w i l l  d e l e t e  t h i s  address f rom t h e  t a b l e .  

MA-GROUP-ADDRESS-ALL : := VALUE-ADDRESS-16 

The MAC can respond t o  a g r o u p  o f  g roup  addresses.  T h i s  i s  
one o f  two methods f o r  t h e  S t a t i o n  Manager t o  t e l l  t h e  MAC 
w h i c h  addresses o r e  a c c e p t a b l e .  T h i s  imp lemen ta t i on  w i l l  

suppor t  a t o t a l  o f  16 g roup  addresses .  T h i s  command w i l l  

w r i t e  o r  read  a l l  16 addresses  a t  once. Addresses w h i c h  a r e  
n o t  v a l i d  addresses s h o u l d  be s e t  t o  a n e g a t i v e  one.  
T h e r e f o r e  o n l y  p o s i t i v e  add resses  w i l l  be passed i n  w i t h  
t h i s  command u n l e s s  t h e r e  a n e g a t i v e  one ( a  n u l l  a d d r e s s ) .  

CHANNEL-ASSIGNMENTS ::= VALUE-INTEGEP-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and read  b u t  i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and w i l l  have no 
e f f e c t  on t h e  MAC per fo rmance .  

TRANSMITTED-POWER-LEVEL-ADJUSTMENT : := VALUE-INTEGER-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and r e a d  b u t  i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and w i l l  have no 
e f f e c t  on t h e  MAC per fo rmance .  

TRANSMITTED-OUTPUT-INHIBITS : := VALUE-INTEGER-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and r e a d  b u t  i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and w i l l  have no 
e f f e c t  on  t h e  MAC per fo rmance .  

- - 
RECEIVED,~GNAL,SOLRCES : := VALUE-INTEGER-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and r e a d  b u t  i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  t o  perform a f u n c t i o n  and w i l l  have no 
e f f e c t  on t h e  MAC per fo rmance .  

SIGNALING-MODE : := VALUE-INTEGER-1 

P 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and r e a d  b u t  i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and w i l l  have no 
e f f e c t  on t h e  MAC per fo rmance .  



TOKEN/STAR BUS MAC SOFTWARE USERS DOCUMENT 
INTERFACES 

Page 42 
20 J u l y  1987 

RECEIVED-SIGNAL-LEVEL_REPORTINC : := VALUE-INTEGER-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and read but i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  to p e r f o r m  a f u n c t i o n  and w i l l  have no  
e f f e c t  on t h e  MAC per formance.  

LAN-TOPOLOGY-TYPE : := VALUE-INTEGER-1 

T h i s  v a r i a b l e  can be w r i t t e n  t o  and read b u t  i s  n o t  used i n  
t h i s  i m p l e m e n t a t i o n  t o  p e r f o r m  a f u n c t i o n  and w i l l  have no 
e f f e c t  on t h e  MAC per fo rmance .  

FREEZE-MAC : :=  VALUE-INTEGER-1 

T h i s  v a r i a b l e  when se t  to one w i l l  f r e e z e  t h e  MAC f rom 
t a k i n g  any d a t a  f rom t h e  l o c a l  LLC. A n e g a t i v e  one w i l l  

u n f r e e z e  i t  and a l l o w  any queued messages t o  be p rocessed .  
T h i s  w i l l  cause a b u r s t  e f f e c t  and may cause l o s s  o f  d a t a  
due t o  t h e  c o n n e c t i o n l e s s  n a t u r e  o f  t h e  system and t h e  
l i m i t e d  b u f f e r  space.  

MAC-TYPE ::= 04h  

T h i s  v a r i a b l e  i s  a read  o n l y  v a r i a b l e  and i n d i c a t e s  w h i c h  
v e r s i o n  o f  MAC i s  respond ing .  
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STATUS-TYPE-::= CHOICE 

I UNDEFINED-ERROR [0 ]  VALUE-INTEGER-1 I 
SUCCESS [ 1 ] VALUE-INTEGER-1 I 
REFUSE-TO-COMPLY [2 ]  VALUE-INTEGER-1 I 
NOT-SUPPORTED [ 31 VALUE-I NTEGER-1 
ERROR-IN-PERFOR [ 41 VALUE- 1 NT EGER-1 
NOT-AVAI LABLE VALUE- I NT EG ER- 1 

BAD-PARAMET ER- I D [6 ]  VALUE-INTEGER-1 
BAD-PARAMETER-OPERATION [7 ]  VALUE-INTEGER-1 

BAD-PARAMETER-VALUE [8 ]  VALUE-INTEGER-1 
BAD-EXPECT ED-VALUE [9 ]  VALUE-INTEGER-1 

[ 5 ] 

t 

These a r e  responses  t o  a command i n d i c a t i n g  t h e  s t a t u s  o f  
t h e  command. F o l l o w i n g  a r e  e x p e c t e d  uses o f  these  responses ;  

UNDEFINED-ERROR - Request was n o t  u n d e r s t o o d  o r  no 

SUCCESS - A s u c c e s s f u l  o p e r a t i o n  has been comp le ted .  
REFUSE-TO-COMPLY - The o p e r a t i o n  was i m p o s s i b l e  o r  i l l e g a l  
NOT-SUPPORTED - The o p e r a t i o n  i s  n o t  s u p p o r t e d  o r  

ERROR-IN-PERFOR - A e r r o r  was e n c o u n t e r e d  

NOT-AVAILABLE - I n f o r m a t i o n  i s  n o t  y e t  

BAD-PARAMETER-ID - Paramete r  I D  was n o t  

BAD-PARAMETER-OPERATION - O p e r a t i o n  r e q u e s t e d  

BAD-PARAMETER-VALUE - The Paramete r  

BAD-EXPECTED-VALUE 

a p p r o p r i a t e  e r r o r  message a v a i l a b l e .  

r e c o g n i z e d .  

d u r i n g  o p e r a t i o n .  

a v a i l a b l e .  

r e c o g n i z e d .  

was n o t  r e c o g n i z e d  

v a l u e  was bad .  

i I l e g a l .  
- The e x p e c t e d  v a l u e  was 

- 
EVENT-TYPES : :=  IMPLICIT SEOUENCE 

4 EVENT-RASS. EVENT-CLASS-TYPES t 

EVENT-CLASS-TYPES ::= CHOICE 

I LOCAL [0] EVENT-IDENTIFIER-TYPES I 
REMOTE [ l ]  EVENT-IDENTIFIER-TYPES I 

E v e n t s  i n  t h i s  i m p l e m e n t a t i o n  a r e  a l w a y s  LOCAL (as opposed 
t o  e v e n t s  t h a t  o c c u r r e d  i n  a remote  node) .  

EVENT-IDENTIFIER-TYPES : : =  CHOICE 

NS-CHANGED [B] VALUE-INTEGER-1 I 
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NS-NU L L . 
DUPLICATE-ADDRESS 

[ 11  VALUE-INTEGER-1 I 
[ 2 ]  VALUE-INTEGER-1 I 

FAULTY-TRANSMITTER [3]  VALUE-INTEGER-1 
XMIT-OUEUE-THRESHOLD-EXCEEDED [ 4 ]  VALUE-INTEGER-1 
RECEIVE-OUEUE-THRESHOLD-EXCEEDED [5 ]  VALUE-INTEGER-1 
WATCH-DOG-TIMEOUT [ 6 ]  VALUE-INTEGER-1 
FROZEN [ 7 ]  VALUE-INTEGER-1 

TOKEN-LOST [a ]  VALUE-INTEGER-1 
DUA L-TOKEN [ 9 ]  VALUE-INTEGER-1 
MAX-RETRY-ENCOUNT ER ED [ l e ]  VALUE-INTEGER-1 
BAD-MESSAGE-SENT [ll] VALUE-ADDRESS-1 

These e v e n t s  a r e  r e p o r t e d  upon t h e  d i s c o v e r y  o f  t h e  
f o l l o w i n g  c o n d i t i o n s ;  

NS-CHANGED - F l a g g e d  when t h e  
chonge i n  t h e  NS 

a d d r e s s .  

NS-NULL - F l a g g e d  when t h e  NS 

DUPLICATE-ADDRESS - Does n o t h  

even t  r o u t i n e  d i s c o v e r s  a 

i s  s e t  t o  NULL 

ng s i n c e  FOOs d o e s n ’ t  r e p o r t  
o t h e r  a d d r e s s e s .  

FAULTY-TRANSMITTER - Does n o t h i n g  s i n c e  FODs d o e s n ’ t  r e p o r t  
bad t r a n s m i t t e r s .  

XMIT-OUEUE-THRESHOLD-EXCEEDED - F l a g g e d  when t h e  MAC 
canno t  g e t  b u f f e r  space 
f o r  o u t g o i n g  d a t a .  

RECEIVE-OUEUE-THRESHLD_EXCEEDED - F l a g g e d  when t h e  MAC 
c a n n o t  g e t  b u f f e r  
space  f o r  i ncoming  
d a t a .  - 

WATCH-DOG-TIMEOUT - F l a g g e d  i f  t h e  h a r d w a r e  w a t c h  dog 
t i m e r  e x p i  r e s .  

FROZEN - F l a g g e d  when t h e  MAC i s  f r o z e n .  R e p o r t e d  o n l y  

- 
. .  . 

once. 

TOKEN-LOST - F l a g g e d  when t h e  t o k e n  i s  d e t e c t e d  a s  
l o s t .  

DUAL-TOKEN - F l a g g e d  when a e x t r a  t o k e n  i s  d i s c o v e r e d  

MAX-RETRY-ENCOUNTERED - F l a g g e d  when a t h e  max r e t r y  i s  
e n c o u n t e r e d .  Any IRL4 i n t e r r u p t  
i n d i c a t e s  t h e  ha rdware  r e t r y e d  
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beyond t h e  r e t r y  I i m i  t 

BAD-MESSAGE-SENT -F lagged when the  MAC d i s c o v e r s  a message 
w h i c h  does n o t  ag rees  w i t h  i t s  i n d i c a t e d  
s t r u c t u r e  s i z e  ( i . e .  bad l e n g t h  f i e l d ) .  

ACTION-VALUE-TYPES : : =  CHOICE 
{ RESET [0 ]  VALUE-INTEGER-1 

FREEZE/UNFREEZE [ 1 ] FREEZE-MAC 
ENTER-THE-RING [ 2 ]  IN-RING-DESIRED 

I 
I 

1 

The ACTION-VALUE-TYPES a l l o w  t h e  ! <  I l o w i n g ;  

Reset  v a l u e - i n t e g e r - 1  = a n y t h i n g :  

A r e s e t  w i l l  f l u s h  a l l  queues, s e t  a l l  o p e r a t i n g  
pa ramete rs  t o  t h e i r  i n i t i a l  v a l u e s ,  l o s e  t h e  token  ( i f  
i t s  h o l d i n g  i t ) ,  and a w a i t  work f rom e i t h e r  t h e  media 
o r  t h e  LLC. 

FREEZE/UNFREEZE FREEZE-MAC = 1 w i l l  f r e e z e  rnac. 
= -1 w i l l  u n f r e e z e  rnac. 

A FREEZE/UNFREEZE command w i t h  Freeze o p t i o n  w i l l  make 
MAC ma 
MAC i s  

remote 
b u f f e r  
i s  s t i  
Manoge 

n t a s k  i g n o r e  a l l  queues b u t  t h e  SM. I n  e f f e c t  
f r o z e n  t o  l o c a l  s e r v i c e  o n l y .  P a c k e t s  a r r i v i n g  
nodes ond f r o m  t h e  LLC w i l l  be queued u n t i l  t h e  
i s  exceeded o r  t h e  MAC i s  u n f r o z e n .  The token  
I passed OS norma l .  Commands f r o m  t h e  S t a t i o n  
ore p r o c e s s e d  w h i l e  f r o z e n .  

t h e  
he 
r om 

ENTER-THE-RING IN-RING-DESIRED = 1 c r e a t e  t o k e n  
= -1 consume t o k e n  

A ENTER-T.&E,RING command w i l l  c o n v i n c e  t h e  MAC i t  i s  t h e  
h o l d e r  o f - l h e  token .  I f  t h i s  ccunmand i s  sen t  t w i c e  i n  
a row theJT t h e  MAC w i  I I ;  

1 )  I n  t h e  case o f  t h e  MAC c u r r e n t l y  h o l d i n g  t h e  t o k e n ,  do 
n o t h i n g .  

2) I n  t h e  case o f  t h e  MAC about  ready t o  r e c e i v e  t h e  
token ,  a dua l  t o k e n  may be r e p o r t e d  and t h e  e x t r a  t o k e n  
i s  consumed (an  i n h e r e n t  o p e r a t i o n  i n  t h i s  d e s i g n ) .  

3) I n  t h e  case  o f  t h e  MAC i n  a i d l e  s t a t e ,  t h e  t o k e n  
i s  t a k e n  and passed on when a p p r o p r i a t e .  S i n c e  t h i s  i s  
a CSMA/CD machine i t  can o p e r a t e  w i t h  two tokens f o r  
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some t i m e  b e f o r e -  i t  d i s c o v e r s  and consumes one o f  them 
(802.4  mach ines  a l s o  have t h i s  o b i l i t y  b u t  a r e  f a r  l e s s  
f o r g i v i n g  o f  c o I  I i s i o n s ) .  

OPERATION-COWAND-TYPES : := CHOICE 
3 T EST-<< [a ]  READ-WR 
TEST->> [ l ]  READ-WR 
TEST-= [ 2 ]  READ-WR 
TEST-<> [ 3 ]  READ-WR 

TE-VALUE-TYPES 1 
TE-VALUE-TYPES I 
TE-VALUE-TYPES I 
TE-VALUE-TYPES 1 

TEST-<= [ 4 ]  READ-WRITE-VALUE-TYPES 1 
TEST->= [ 5 ]  READ-WRITE-VALUE-TYPES I 
<<-GIVEN-CONSTANT [ 6 1  GIVEN I 
>>-GIVEN-CONSTANT [ 7 ]  GIVEN I 
=-GIVEN-CONSTANT [e ]  GIVEN I 
<>-GIVEN-CONSTANT [9] GIVEN I 
<=-GIVEN-CONSTANT [ l a ]  GIVEN I 
>=-GIVEN-CONSTANT [ll] GIVEN I 

The above o p e r o t i o n s  e x p e c t s  a v a r i a b l e  (we'  
be  i n t e r n a l .  The c o m p l e t e  s t r u c t u r e  i n c l u d e s  
v a r i a b l e  o r  c o n s t a n t  w h i c h  w e ' l l  c a l l  v a r 2 .  
used  t o  o v e r w r i t e  V a r l  i n  case t h e  o p e r a t i o n  

I c a l l  v a r l )  
e i t h e r  a 
he c o n s t a n t  
t e s t  t r u e  so 

t h e  case  o f  two i n t e r n a l  v a r s  b e i n g  t e s t e d  a c o n s t a n t  i s  
also passed i n .  The obove o p e r a t i o n  commands i m p l y  t h e  
f o l l o w i n g :  

TEST-<< - i f  v a r l  << v a r 2  t h e n  v a r l = c o n s t a n t  
TEST->> - i f  v a r l  >> v a r 2  t h e n  v o r l = c o n s t a n t  
TEST-== - i f  v o r l  = v a r 2  t h e n  v a r l = c a n s t a n t  
TEST-<> - i f  v a r l  <> v o r 2  t h e n  v a r l = c o n s t a n t  
TEST-<= - i f  v a r l  <= v o r 2  t h e n  v a r l = c o n s t a n t  
TEST->= - i f  v a r l  >= v a r 2  t h e n  v a r l - c o n s t a n t  
<<,GIVEN-CONSTANT - i f  v a r l  << c o n s t a n t  t h e n  v a r l = c o n s t a n t  
>>-GIVEN-CONSTANT - i f  v a r l  >> c o n s t a n t  t h e n  v a r l = c o n s t a n t  
==-GIVEN-CONSTANT - i f  v a r l  = c o n s t a n t  t h e n  v a r l = c o n s t o n t  
<>-GIVEN-CONSTANT - i f  v a r l  <> c o n s t a n t  t h e n  v a r l = c o n s t a n t  
<=-GIVEN-CONSTANT - i f  v o r l  <= c o n s t a n t  t h e n  v a r l = c o n s t a n t  
>=-GIVEN-mSTANT - i f  v a r l  <= c o n s t a n t  t h e n  v a r l = c o n s t a n t  

V a r l  i s  o MAC p a r a m e t e r  t o  be t e s t e d  ( i n t e r n a l ) .  I t s  v a l u e  
i s  a l w a y s  r e t u r n e d  a l o n g  w i t h  a s t a t u s .  Va r2  i s  a MAC 
p a r a m e t e r  ( i n t e r n a l )  o r  a c o n s t a n t  ( e x t e r n a l )  used i n  t h e  

- 
. .  . 

c o m p a r i s o n  o f  V o r l  
a v a r i a b l e  l o c a t e d  
i n  t h e  MAC ( a  compo 
a c o n s t a n t  ( e x t e r n a  
t e s t  f o r c e s  V a r l  t o  

CONSTANT : := VALUE 

i n t e r n a l ) .  
n t h e  MAC. 
e o f  two 
) passed 
be a e x t e  

I NTEGER-1 

V a r l  a l w a y s  r e f e r s  t o  
V a r 2  i s  e i t h e r  l o c a t e d  

n t e r n a l  v a r i a b l e s )  o r  as 
n.  I n  a l l  cases  a t r u e  
n a l  c o n s t a n t .  

t o  

S 

i n  
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VALUE-INTEGER-1 : : =  IMPLICIT LONG-WORD 

VALUE-ADDRESS-1 : : =  IMPLICIT LONG-WORD (32 BITS)  

VALUE-ADDRESS-16 : : =  IMPLICIT ARRAY OF 16 LONG-WORDS 
(32 B I T S  EACH) 
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4 . 2 . 6  SYNTAX - 
STATION MANAGER INTERFACE SYNTAX 

The s t a t i o n  manager communicates t o  t h e  MAC across t h e  M I I .  
The syn tax  of such  communication i s  d e s c r i b e d  below 
according t o  Abstract Syntax N o t a t i o n  One o r  ASN.l ( I S 0  D I S  
8824) .  The i n f o r m a t i o n  described is  encoded t o  t h e  basic 
coding  r u l e s  as found i n  ASN.l (IS0 D I S  8825) .  Some sample 
records f o l l o w  t h e  s y n t a x  n o t a t i o n s .  

4 . 2 . 7  FORMAL SYNTAX SPECIFICATION - f 



TOKENISTAR BUS MAC SOFTWARE USERS DOCUMENT 
INTERFACES 

MESSAGE-RECORD : : =  [PRIVATE 01 CHOICE 
4 [0] SM-MAC-LM-SET-VALUE.1NVOKE 

[ l ]  SM-MAC-LM-SET-VALUE.REPLY 
[2] SM-MAC-LM-GET-VALUE.1NVOKE 
[3] SM-MAC-LM-GET-VALUE.REPLY 
[4] SM-MAC-LM-COMPARE-AND-SET-VALUE.INVOKE 
[ 51 SM-MAC-LM-COMPARE-AND-SET-VALUE . REPLY 
[ 6 ]  SM-MAC-ACT1ON-VALUE.INVOKE 
[7 ]  SM-MAC-ACTION-VALUE.REPLY 

[ 81 SM-MAC-EVENT-VALUE. NOT I FY 
[Q] SM-MAC-EVENT-VALUE.REPLY 

SM-MAC-LM-SET-VALUE.lNVOKE : := IMPLICIT SEOUENCE 

{ PARAMETER-TYPE READ-WRITE-VALUE-TYPES , 

I ACCESS-CONTROL-INFO NULL 

SM-MAC-LM-SET-VALUE.REPLY : := IMPLICIT SEOUENCE 

{ RETURN-VAL READ-WRITE-VALUE-TYPES, 
STATUS STATUS-TYPE1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

SM-MAC-LM-GET-VALUE.1NVOKE ::= IMPLICIT SEQUENCE 

4 PARAMETER-TYPE READ-WRITE-VALUE-TYPES , 

t ACCESS-CONTROL-INFO NULL 

SM-MAC-LM-GET-VALUE.REPLY : := IMPLICIT SEQUENCE 
4 PARAMETER-TYPE READ-WRITE-VALUE-TYPES , 

STATUS STATUS-TYPE I 

SM-MAC-LM-COMPARE-AND-SET-VALUE.INVOKE : :-  IMPLICIT SEOUENCE 

4 PARAMETER-TYPE DWY-RW-TYPES. 
OPERATION-COMAAND OPERATION-COMUAND-TYPES, 
ACCESS-CONTROL-INFO NULL t - 

SM-MAC-LKXOMPARE-AND-SET-VALUE.REPLY : := IMPLICIT SEQUENCE 

{ R E T U R N ~ A L -  READ-WRITE-VALUE-TYPES, 
STATUS STATUS-TYPE I 

SM-MAC-ACTION-VALUE.INVOKE ::= IMPLIC IT  SEQUENCE 

4 PARAMETER- I D  ACTION-VALUE-TYPES , 
ACCESS-CONTROL-INFO NULL I 
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SM-MAC-ACTION-VALUE.REPLY : := IMPLICIT SEQUENCE 

4 STATUS STATUS-TYPE, 
ACT ION-REPORT NULL I 
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ACTION-VALUE-TYPES : : =  CHOICE 
4 RESET [SI VALUE-INTEGER-1 I 

FREEZE/UNfREEZE [l] FREEZE-MAC I 
ENTER-THE-RING [ 2 ]  IN-RING-DESIRED 4 

OPERATION-COMMAND-TYPES : : =  CHOICE 

4 TEST-<< [0] DUMMY-RW-TYPES 
T ES T->> [l] DLJMMY-RW-TYPES 
TEST-= [ 2 ]  DLJMMY-RW-TYPES 
TEST-<> [3 ]  DWY-RW-TYPES 
T EST-<= [ 4 ]  DUMMY-RW-TYPES 
TEST->= [5 ]  DWY-RW-TYPES 
<<-GIVEN-CONSTANT [6] GIVEN 
>>-GIVEN-CONSTANT (71 GIVEN 
=-GIVEN-CONSTANT [8 ]  GIVEN 
<>-GIVEN-CONSTANT [9 ]  GIVEN 
<=-GIVEN-CONSTANT [ 1 0 ]  GIVEN 
>=-GIVEN-CONSTANT [ l l ]  GIVEN 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 

GIVEN : := CHOICE 

3 [SI VALUE-INTEGER-1 I 
[l] VALUE-ADDRESS-1 1 

CONSTANT : :=  VALUE-INTEGER-1 

VALUE-INTEGER-1 : := IMPLIC IT  INTEGER 

VALUE-ADDRESS-1 ::= IMPLIC IT  LONG-WORD (32 BITS) 

VALUE-ADDRESS-16 : := IMPLIC IT  ARRAY OF 16 LONG-WORDS 

(32 B I T S  EACH) 
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MAC-SM-EVENT-VALUE.NOT1FY : : =  I M P L I C I T  SEOUENCE 

1 EVENT-ID EVENT-TYPES 1 

MAC-SM-EVENT-VALUE.REPLY : : =  I M P L I C I T  SEQUENCE 

$ STATUS STATUS-TYPE ( 



Page 51 TOKEN/STAR BUS MAC SOFTWARE USERS DOCUMENT 

INTERFACES 20 J u l y  1987 

1 READ-WRITE-VALUE-TYPES : :=  CHOICE 

MAC-TYP E I 
NS I 
SLOT-TIME I 
HI-PRI-TOKEN-HOLD-TIME I 
MAX-AC-4-ROTATION-TIME I 
MAX-AC-2-ROTATION-TIME I 
MAX-AC-0-ROTATION-TIME I 
MAC-RING-MAINTENANCE-ROTATION-TIME I 
RING-MAINTENANCE-TIMER-INlTIAL_VALUEJ 

MIN-POST-SILENCE-PREAMBLE-LENGTH I 
MAX-INTER-SOLICIT-COUNT I 

EVENT-ENABLE-MASK 1 
MAX-RETRY-LIMIT I 
MA-GROUP-ADDRESS I 
MA-GROUP-ADDRESS-ALL I 
CHANNEL-ASSIGNMENTS I 

TRANSMITTED-OUTPUT-INHIBITS I 
RECEIVED-SIGNAL-SOURCES I 
S IGNALl NG-MODE I 
RECEIVED-SIGNAL-LEVEL-REPORTING I 
LAN-TOPOLOGY-TYPE I 
TS I 

TRANSMITTED-POWER-LEVEL-ADJUSTMENT 1 P 
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DUWY-RW-TYPES I := CHOICE 
MAC-TY P E [0] VALUE-INTEGER-1 1 
NS 
SLOT-TIME 
HI-PRI-TOKEN-HOLD-TIME 
MAX-AC-4-ROTATION-TIME 
MAX-AC-2-ROTATION-TIME 
MAX-AC-0-ROTATION-TIME 

[I] VALUE-INTEGER-1 
[ 2 ]  VALUE-INTEGER-1 
[3] VALUE-INTEGER-1 
[ 4 ]  VALUE-INTEGER-1 
[5 ]  VALUE-INTEGER-1 
[ 6 ]  VALUE-INTEGER-1 

MAC-RING-MAINTENANCE-ROTATION-TIME [7 ]  VALUE-INTEGER-I I 
RING-MAINTENANCE-TIMER-INlTIAL_VALUE [8] VALUE-INTEGER-1 I 
MAX-INTER-SOLICIT-COUNT 
MIN-POST-SILENCE-PREAMBLE-LENGTH 
EVENT-ENABLE-MASK 
MAX-RETRY-LIMIT 
MA-GROUP-ADDRESS 
MA-GROUP-ADDRESS-ALL 
CHANNEL-ASSIGNMENTS 
TRANSMITTED-POWER-LEVEL-ADJUSTMENT 
TRANSMITTED-OUTPUT-INHIBITS 
RECEIVED-SIGNAL-SOURCES 
SIGNALING-MODE 
RECEIVED-SIGNAL-LEVEL-REPORTING 
LAN-TOPOLOGY-TYPE 
TS 

[9 ]  VALUE-INTEGER-1 I 
[ 10 ]  VALUE-INTEGER-1 1 
[ll] VALUE-INTEGER-1 1 
[ 1 2 ]  VALUE-INTEGER-1 
[ 1 3 1  VALUE-INTEGER-1 
[ 1 4 ]  VALUE-INTEGER-1 
[ 1 5 ]  VALUE-INTEGER-1 
[16] VALUE-INTEGER-1 
[ 1 7 ]  VALUE-INTEGER-1 
[ 1 6 1  VALUE-INTEGER-1 
[ I 91  VALUE-INTEGER-1 
[20] VALUE-INTEGER-1 
[ 2 1 ] VALUE-I NTEGER-1 
[22] VALUE-INTEGER-1 
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TS : := VALUE-ADDRESS-1 

NS : := VALUE-ADDRESS-1 

SLOT-TIME : : =  VALUE-INTEGER-1 

HI -PR I-TOKEN-HOLD-T I ME : : = VALUE- INTEGER- 1 

MAX-AC-4-ROTATION-TIME : := VALUE-INTEGER-1 

MAX-AC-2-ROTATION-TIME : :E VALUE-INTEGER-1 

MAX-AC-0-ROTATION-TIME ::= VALUE-INTEGER-1 

MAC-RING-MAINTENANCE~ROTATION_TIME : := VALUE-INTEGER-1 

RING-MAINTENANCE-TIMER-INITIAL-VALUE : := VALUE-INTEGER-1 

MAX-INTER-SOLICIT-COUNT : := VALUE-INTEGER-1 

MIN-POST-SILENCE-PREAMBLE-LENGTH : := VALUE-INTEGER-1 

IN-RING-DESIRED : :=  VALUE-INTEGER-1 

EVENT-ENABLE-MASK : :=  EVENT-ENABLE-BITS 

MAX-RETRY-LIMIT : :=  VALUE-INTEGER-1 

MA-GROUP-ADDRESS : := VALUE-ADDRESS-1 

MA-GROUP-ADDRESS-ALL ::= VALUE-ADDRESS-16 

CHANNEL-ASSIGNMENTS : := VALUE-INTEGER-1 

TRANSMITTED-POWER-LEVEL-ADJUSTMENT : := VALUE-INTEGER-1 

TRANSMITTU)-OUTPUT-INHIBITS : :=  VALUE-INTEGER-1 - - 
RECEIVED-SIGNAL-SOURCES : := VALUE-INTEGER-1 

SIGNALING-MODE : := VALUE-INTEGER-1 

RECEIVED-SIGNAL-LEVEL-REPORTING : := VALUE-INTEGER-1 

LAN-TOPOLOGY-TYPE : : =  VALUE-INTEGER-1 

FREEZE-MAC : := VALUE-INTEGER-1 

MAC-TYPE : := 04h 
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STATUS-TYPE .: := CHOICE 

{ UNDEF I NED-ERROR [S] VALUE-INTEGER-1 I 
SUCCESS [ 1 1  VALUE-INTEGER-1 1 
REFUS E-TO-COMP LY (21 
NOT-SUPPORTED r 31 
ERROR-IN-PREFOR t 41 

BAD-PARAMETER-ID t 61 

BAD-PARAMETER-VALUE [81 
BAD-EXPECTED-VALUE r91 

NOT-AVAI LABLE 151 

BAD-PARAMETER-OPERERATION [ 7 ]  

VALUE-INTEGER-1 
VALUE- INTEGER- 1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 
VALUE-INTEGER-1 

EVENT-TYPES : : =  IMPLICIT SEQUENCE 

4 EVENT-CLASS EVENT-CLASS-TYPES t 

EVENT-CLASS-TYPES : := CHOICE 

{ LOCAL [ 01 EVENT-I DENT I F I ER-TYPES I 
REMOTE [l] EVENT-IDENTIFIER-TYPES 

t 

t 

EVENT-IDENTIFIER-TYPES : :=  CHOICE 

1 NS-CHANGED [0] VALUE-INTEGER-1 
NS-NULL [l] VALUE-INTEGER-1 
DUPLICATE-ADDRESS [ 2 ]  VALUE-INTEGER-1 
FAULTY-TRANSMITTER [3 ]  VALUE-INTEGER-1 
XMIT-QUEUE-THRESHOLD-EXCEEDED [4 ]  VALUE-INTEGER-1 
RECEIVE-QUEUE-THRESHOLD-EXCEEDED [5 ]  VALUE-INTEGER-1 I 
WATCH-DOG-TIMEOUT [6 ]  VALUE-INTEGER-1 I 
FROZEN [7]  VALUE-INTEGER-1 I 
TOKEN-LOST [a ]  VALUE-INTEGER-1 I 
DUAL-TOK EN [9 ]  VALUE-INTEGER-1 I 
MAX-RETRY-ENCOUNTERED [ l S ]  VALUE-INTEGER-1 I 
BAD-MESSAGE-SENT [ 1 1 ]  VALUE-ADDRESS-1 

EVENT-ENABLE-BITS : := B I T  STRING 

{ NS-CHANGED ( 0 )  * 
NS-NU L L- ( 1 ) .  

DUP L I CAn-ADDRESS ( 2 ) .  
FAULTY-~~ANSMI TTER ( 3 ) .  

WATCH-DOG-TIMEOUT ( 6 )  B 
FROZEN ( 7 )  9 

TOKEN-LOST (8). 
DUAL-TOKEN (9 ) .  
MAX-RETRY-ENCOUNTERED (10 )  
BAD-MESSAGE-SENT (11 )  t 

XMI T-OUEUE-THRESHOLD-EXCEEDED (4) , 
RECEIVE-QUEUE-THRESHOLD-EXCEEDED ( 5 ) .  

- Where 1 i s  e n a b l e d  

P 


